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PREFACE.

This little book has been written with the object of

supplying oil dealers and users with some information

as to 'the various oils which are used for the purpose

of lubricating machinery, and this object has been

kept in view throughout, and the special properties

of various products which cause them to be of value as

lubricants are particularly pointed out ; while only

those oils which ai-e at all in extensive use for this

purpose are mentioned, the mineral or hydrocarbon

oils, which have largely, if not entirely, displaced the

fatty oils, having special attention given to them.

It is not intended that this book should be a full

treatise on the preparation of the various oils, but

some information which it is thought will be sufficient

for the purpose is given on this subject.

The chapter on the Analysis of Oils is not written

with a view of making the reader an expert oil analyst,

but is confined to giving some details of the best

methods of testing oils with a view of enabling the

dealer or consumer to make ordinary and regular

tests of the quality of his oils, while he is recom-

mended to engage the service^ of an analyst in special

cases which may arise.

In the chapter on Lubrication an endeavour has

been made to deal with the principles of that
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important subject ; unfortunately, information is

lacking as to the real value of various oils in the

lubrication of machinery, and any one vs^ho is in a

position to do so w^ould confer a favour on machinery

users by making a series of observations on this

subject and giving his results to the vv^orld.

GEORGE H. HURST.

Chemical Laboratory,

22 Blackfriars Street, Salford,

October, 1896.
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LUBEICATING OILS.

CHAPTER I.

INTEODUCTORY.

OILS AND PATS.

Oils and fats are a group of valuable bodies employed for

a great variety of purposes, formerly obtained solely from

animal or vegetable sources, but of late also from mineral

sources, which have certain special characteristics that dis-

tinguish them from other bodies. An oil is a liquid body,

a fat is a soft solid body ; but often it is purely a question of

temperature or climatic conditions as to whether a particular

product be an oil or a fat. Olive oil is in the country of

origin always a liquid, but in this country we are famihar with

the fact that in the winter-time it sets into a solid fat, while in

Iceland it would be considered a fat pure and simple ; coco-

nut oil in Ceylon, where it is largely extracted, is a water-

white fluid oil ; here it is always a solid fat. Other examples

could be quoted, to show that the distinction between oils

and fats is but a nominal one.

The special features which distinguish the oils and fa,ts

from all other groups of compounds are :

—

1. They are mostly liquid bodies which are lighter than

water, the specific gravity ranging from 0'730 to 0'980. Fats

are also lighter than water.

1



2 LUBRICATING OILS.

2. They are viscous bodies as a rule. Some of the hghter

oils or products which will be dealt with are limpid hke

water, but such are only grouped with the oils on account of

their other general features ; viscosity is the characteristic

property of an oil.

3. They impart a transparent greasy stain to paper, which

is permanent as a rule.

4. They are quite insoluble in water, but slightly so in

alcohol, although in this respect they vary very much ; castor

oil is completely soluble in alcohol, olive oil but partially so ;

the hydrocarbon oils are insoluble. The oils and fats are

readily soluble in ether, carbon bisulphide, turpentine, benzol,

chloroform, and some other solvents of a similar character ;

with the single exception of castor oil, they are all soluble in

petroleum spirit.

Oils are divisible into two large groups :

—

(1) Fatty oils and fats.

(2) Hydrocarbon oils.

1. Fatty Oils and Fats.—It will be sufficient in this

place to mention that these oils are compounds of the three

elements, carbon, hydrogen and oxygen ; while this, however,

is the ultimate chemical composition of the oils and fats

belonging to this group, they may be resolved into simpler

bodies than themselves by a process of proximate analysis,

viz.,, into glycerine, and one or more bodies of an acid nature,

which are hence known as fatty acids. In another chapter

this question will be dealt with in detail. All the fatty oils

and fats are derived from the animal and vegetable kingdoms

of nature ; while some are liquid and are then known as oils,

others are solids, generally of a soft consistency like butter,

and then they are called fats ; but, as pointed out above, the

distinction between an oil and a fat is usually brought about

by climatic conditions.

When boiled with a solution of either caustic soda or
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caustic potash, oils and fats undergo a chemical change,

resulting in the production of what is known as soap together

with glycerine. This change is termed saponification ; at

one time the term was restricted to that change brought

about by the action of alkalies, but it has since been extended

by chemists to include the decomposition of fats, etc., into

glycerine and fatty acids, no matter by what means this

change is brought about. Glycerine is obtained only from

fats and oils, hence these bodies are often termed glycerides

to indicate this fact.

2. Hydrocarbon Oils.—What were originally and often

now are so called mineral oils, but which are better classed

under the term hydrocarbon oils, are derived wholly from the

shale and crude petroleums of the mineral kingdom. They

contain only the two elements, carbon and hydrogen. These

two elements have the singular property of combining

together in varying proportions to form a large number of

compounds, known as " hydrocarbons," of which more will be

said presently. The hydrocarbon oils, which will be con-

sidered here, have widely varying properties ; some are very

volatile bodies, water-white in colour and very limpid ; others

are pale yellow but fluid ; while others again are of a some-

what deeper colour, and rather viscid in character ; while

others again are of a buttery consistence at the ordinary

temperature. Some of the hydrocarbons, which will be

considered, are of a wax-like nature, and form the valuable

product, paraffin wax. The lighter of these products are very

inflammable, and will burn freely at the ordinary temperature
;

such are chiefly employed as solvents in paint and varnish

making ; others do not burn quite so readily, but when burnt

with a wick in a lamp give a good white light, and hence

find considerable employment as burning or illuminating

oils. The heavier oils are employed in the lubrication of

machinery, for which purpose they have largely supplanted
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the vegetable and animal oils. One feature of these hydro-

carbon oils, which distinguishes them from the fatty oils,

is that they are not acted upon by caustic soda or caustic

potash. They also possess some amount of fluorescence

or bloom, varying according to the source from whence the

oil was derived ; such fluorescence is not possessed by any

fatty oils.

Besides the fatty oils, vegetables and plants often contain

other bodies of an oily nature, which possess a characteristic

taste or odour closely resembling the characteristic odour

or taste of the plant from whence it came ; and it is obvious

that to these oily products the plant owes its characteristic

odour or taste. These have been named the " essential

oils," and they differ markedly in their properties and

composition from the fatty oils. Sometimes a plant will

yield both kinds of oil—a famihar example being the

mustard. From this can be expressed by pressure a

smooth bland oil possessing all the characters of a fatty

oil. Then by distillation there can be obtained a white

or almost white oil, which possesses in a marked degree

the peculiar odour and taste of the mustard. This is

the essential oil of mustard. These oils will not be dealt

with in this book.

Oils are used for a great variety of purposes : in lubricating

machinery, illuminating, soap-making, food, medicine, etc.,

etc. In each particular use, certain properties and certain

oils are brought into play. For lubricating machinery

dependence is placed on their viscid nature and their smooth

qualities ; in illuminating, the fact that they are combustible ;

for soap-making only the fatty oils are available, because

they are the only ones which can be saponified. Certain oils

are employed for food on account of their pleasant taste or

odour ; while in medicine oils and fats are convenient

vehicles for applying many remedies to the human body, and
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in certain cases, as in burns or scalds, they have a soothing

tendency which makes them act beneficially. A book which

shall deal with oils and fats in all their applications has far

too wide a scope. Hence the present work will be restricted

almost entirely to considering oils and fats from the point of

view of their use as lubricants.



CHAPTEK 11.

HYDROCARBON OILS.

The hydrocarbon oils, or, as they are frequently termed,

mineral oils, are obtained from two sources :

—

1. From oil shales found in Scotland and elsewhere..

2. From petroleum found in America, Russia and else-

where.

It is owing to the fact that they were first of all obtained

from the Scotch shale that they obtained their name of

" mineral oils," and which is still used to designate them

without distinction as to their origin. Their name of

hydrocarbon oils comes from the fact of their being mixtures

of various compounds of carbon and hydrogen.

The hydrocarbon oils are produced by a process of

distillation from the raw material, of whatever origin that

might be ; and, as the products obtained are different from

the materials employed, the distillation is essentially a

destructive one resulting in the production of new com-

pounds.

Distillation.—Many bodies are capable of existing in more
than one of the forms in which bodies make their appearance

in nature. Water, for instance, is known to be a solid, a

liquid, or a gas—according to the circumstances under which

it exists at the moment. Alcohol can exist as a liquid or as

a gas. Benzol, turpentine, aniline, ether, chloroform, are

also examples of bodies which are known in two forms.

Generally, indeed, it is always simply a question of tempera-
(6)
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ture which determines whether a body shall be a soUd, or a

liquid, or a gas. Sometimes pressure influences the conditions

in a manner which will be indicated presently.

When a solid body is heated, it begins generally to

liquefy, the temperature at which it becomes liquid being

called its melting point. This varies considerably with

different bodies. Some melt below 0° C, others but little

above, while others have a high melting point, as, for instance,

copper, iron and most metals. Other bodies again cannot be

melted with the means at present at the disposition of the

chemist ; such are said to be infusible.

Liquids, when heated, enter into ebullition, and pass off

into the state of vapour or gas. The temperature at which

they do this is called the boiling point. This point varies

very much. Some liquids boil below the freezing point of

water, others at temperatures but little above, while some

boil at temperatures above that of water. Some bodies

which a.re solid at the ordinary temperature liquefy on

heating, but do not give off any gas at any higher tempera-

ture. There are some solid bodies, e.g., ammonium chloride,

which pass at once from a state of solid into that of gas on

heating.

If the vapour of a liquid be passed through an apparatus,

by means of which it can be cooled, it will condense back

again into the liquid form in which it originally existed.

This is called distillation. A distilling apparatus consists

essentially of three portions : first, a retort, or still, in which

the body may be heated to convert it into vapour or gas

;

the second portion consists of an arrangement for cooling the

vapours—this is called the " condenser "
; while the third and

last portion consists of a vessel to collect the condensed

liquid or distillate as it is called in.

Distillation is of two kinds, simple and destructive.

When the distillate possesses all the characteristics of the
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original body, in fact, when all that the heat applied has done

is to convert the body into vapour which is condensed again

in the other portions of the plant, we have a case of simple

distillation. On the other hand, when the products of

distillation are different from, and have evidently been pro-

duced by, the destruction of the original substance, then it is

a case of destructive distillation.

Simple distillation always occurs with bodies of simple

molecular composition, as, for instance, with water, alcohol,

b6nzol, turpentine, etc. On the other hand, such bodies as

the oils and fats, starch, wood, coal, etc., whose molecular

composition must be of a most complex character, cannot be

distilled without undergoing destructive distillation, without

their molecules being broken up into two or more compounds

of a simpler composition.

It has been pointed out that, in all cases of destructive

distillation, there is a tendency for one of the elements in the

body to remain behind in the retort, or still, in greater pro-

portion than what it exists in the original compound. Mills

has called it a case of " cumulative resolution ".

Take, for instance, glycerine or glycerol. This on being

distilled loses water, and passes into what is called a poly-

glycerine, the final product being a hydrocarbon according

to the equations :

—

CsHjOa -

C3H4O - H2O = O3H2

In the case of cellulose, we may suppose that action goes

on in accordance with the following equations :

—

OcHioOj
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The ultimate result being carbon, which is also the ultimate

result obtained in distilling coal, shale, peat, wood and other

carbonaceous materials.

In actual practice the products obtained in the destructive

distillation of wood, etc., are not so simple as are represented

here ; while much water is always given off, some of the

carbon comes over in combination with the hydrogen as

hydrocarbon compounds ; some comes over in combination

with both hydrogen and oxygen in the form of acid or

phenolic compounds, such as acetic acid, phenol, cresylic

acid, etc.

The nature of the products obtained in the destructive

distillation of bodies like coal, wood, etc., depends upon,

first, the composition of the body, and secondly, the tempera-

ture at which the distillation takes place.

First, as to the composition of the body, wood will

naturally give rise to a very different series of products than

coal, and the latter different again to shale. The purity of

the compound also has some influence ; when pure it does

not undergo destruction to the same extent as if impure.

When an organic compound is mixed with an infusible

inorganic compound, like limestone or clay, then a higher

temperature is required to distil the body, and a greater

decomposition of the body results, and products of a simpler

chemical composition are obtained. This is seen in the cases

of the shale and coal industries. In the former case the

substance dealt with contains much mineral matter of an

infusible character, the result being that a wide variety of

products are obtained, most of which have a simple chemical

composition and constitution. On the other hand, coal is

fairly free from any mineral impurity, and the products from

it are more complex in character.

Whenever chlorine, sulphur, oxygen and nitrogen are

present in carbonaceous bodies, these always tend to cause
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the production of compounds containing them ; thus sulphur

always causes the formation of sulphides and other sulphur

compounds in the distillate, chlorine forms chlorides, oxygen

gives rise to the presence of oxy acids and phenols in the

products, while nitrogen results in the production of various

nitrogen bases. Thus it is that coal, shale or wood, when

distilled, yields a^iiline, pyridine bases, phenol, cresol, sul-

phides, etc. Often these are a source of trouble to the

refiner of the products. More especially is this the case in

the shale industry, where the oxygen, nitrogen and other

products are more or less of the nature of impurities, and

have to be got rid of ; a work which entails some labour and

expense to the shale oil refiner. Sulphur in shale and

petroleum has also been found to cause a smaller yield of

solid paraffin wax being obtained, a feature which is rather

undesirable.

The temperature at which the distillation is conducted

has a material influence on the character and quantity of the

products. When the temperature is comparatively high, as

it is in coal gas-making, then there is produced a large

quantity of gas of simple chemical composition, containing

much hydrogen, methane, ethene, acetylene, and other

gaseous bodies. The characteristic products ai-e a series of

what are called aromatic hydrocarbons, of which benzene,

toluene, naphthalene, anthracene are the most important

members ; besides these there are certain phenolic and amido

compounds derived from them.

When the operation is carried on at a dull red heat, such

as was attained in the early days of the shale oil industry,

while a large quantity of gas is produced, there are no

aromatic hydrocarbons, but a large quantity of paraffin and

olefin hydrocarbons with some ethers, such as pyrene,chrysene,

etc., of a rather complex composition, together with certain

pyridine bases and phenolic compounds.
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At a low red heat, such as is attained in the most modern

shale retorts, the products are a small quantity of gas of

high illuminating power, a large yield of Hquid hydrocarbons

of the paraffin and olefin series, together with phenolic com-

pounds and pyridine bases.

The following table shows the characteristic products

obtained in the distillation of coal, shale, wood, and petroleum,

the most important being shown in italic type :

—

PRODUCTS OF DISTILLATION.

Products.
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that they can be divided into groups or famihes, in which

there is a certain definite relationship between the proportions

of carbon and hydrogen contained in members of each group,

while the general properties and reactions of the members

of each family so closely resemble each other that a study of

one will give a full clue to the properties of all the other

members of the family.

It may be convenient and not without some value if the

special features of each of these groups of hydrocarbons are

pointed out.

FAMILIES OP HYDBOCAEBONS.

1. CnHjU + 2 series. Paraffins. This is a very com-

plete series, comprising about thirtyknown members,

some of which are gaseous at the ordinary tempera-

ture, others solid, but the majority are liquids, more

or less volatile. Of this series more will be said

later on. They are found in the products derived

from the distillation of coal, shale, peat, petroleum,

wood, etc.

2. CnHgn series. Sub-group a. Olefins. Also a very

complete group of about twenty to twenty-five

members, comprising both gases and liquids. They

are present in the products of the distillation of

coal, shale, petroleum, etc.

Sub-group h. Paraffenes. A small and unimport-

ant family.

Sub-group c. Naphthenes. A small group of hydro-

carbons, specially characteristic of Bussian

petroleum.

The two sub-groups a and c will be dealt with in

detail later on.

3. CnHjU — 2 series. Sub-group a. Acetylenes. A
small group found in coal distillates.
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Sub-group b. Allenes. A small and unimportant

group.

Sub-group c. Diallyl. An unimportant hydrocarbon.

4. CnHgn — 4 series. Sub-group a. Valylene. An
unimportant hydrocarbon.

Sub-group h. Terpenes. An important though small

group of hydrocarbons, especially characteristic

of essential oils from plants.

6. CnHgn — 6 series. Sub-group a. Dipropargyl. An
unimportant body.

Sub-group h. Benzenes. A small but very import-

ant group of hydrocarbons found chiefly among

the distillates from coal tar, and also present in

small quantities in American petroleum.

6. CnH^n — 8 series. The hydrocarbon Cinnamene is

the only known member of this group.

7. CnHgU — 10 series. Phenylacetylene. Found in coal tar.

8. CnHgn — 12. Naphthalene. A very important

hydrocarbon found in coal tar distillates.

9. CnHjn — 14. Diphenyl. An unimportant hydro-

carbon.

10. CnHjn — 16 series. Stilhene. A coal tar hydro-

carbon is the sole representative of this series.

11. CnHjn — 18 series. Anthracene. An important

hydrocarbon found in coal tar and shale distillates

is the only member of this series at present known.

12. CnHgn — 20 series. Represented by benzyl naph-

thalene.

13. CnH^n — 22. Pyrene, which is present to a large

extent in the crude shale oil, is almost the sole

representative of this series.

14. CnHjn — 24 series. Ghrysene, an hydrocarbon very

abundant in crude shale oil, is the only knovyn

member of this series.
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15. CnHgii — 26 series. Eepresented by dinaphthyl.

16. CnHgii — 28 series. Not known at present.

17. CnHjn - 30 series is represented by picene, an

hydrocarbon found in Californian petroleum.

Of these series of hydrocarbon groups only three possess

much interest to the oil chemist, and these are the groups of

the paraffins, the olefins, and the naphthese, because it is

these three groups that form the various kinds of hydro-

carbon naphthas, burning^ oils, lubricating oils, and paraffin

waxes. To these groups of hydrocarbons it is worth paying

some attention.

PARAFFIN OR METHANE GROUP OF HYDROCARBONS.

General formula dH™ + 2.

Paraffin.
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From this table it will be seen that a very complete

series of this group of hydrocarbons is known, extending,

without a break, from the first member with one atom of

carbon in its molecule, to the twenty-third with twenty-three

atoms of carbon in its molecule. If the formula of each of

the members of this series be examined, it will be seen that

one member differs from the one above it, or the one below

it, by containing one atom of carbon, and two atoms of

hydrogen, more or less as the case may be. This difference

of CHj between the members of a group is not peculiar to

the paraffins, but extends to all other series or groups of

organic compounds, and will be noticed again in connection

with the olefins and the naphthenes. If the formula be

further examined, it will be found that the proportion of

carbon to hydrogen, in each of these bodies, is twice the

number of carbon atoms plus two. This fact is expressed

in the general formula CnHgU + 2 applied to the series of

paraffin hydrocarbons. The paraffin hydrocarbons are what

are called saturated hydrocarbons, that is, the affinities of

the carbon atoms are fully satisfied by the number of hydro-

gen atoms present, and therefore these compounds cannot

take up any more atoms of other elements to form new

compounds, as is the case with other series of hydrocarbon

compounds. To obtain new bodies from the paraffins, it is

necessary to bring them into contact with such elements as

chlorine, which have a strong affinity for hydrogen, and will

take it out of a compound in which it is present ; at the

same time an equivalent quantity of the element takes its

place. Thus, when methane is treated with chlorine, an atom

of hydrogen is eliminated from the methane, chlorine taking

its place, and forming what is known as methyl chloride,

GH3CI, while hydrochloric acid is formed at the same time.

The paraffin series of hydrocarbons has the following

general features : The first members of the series are
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gaseous at the ordinary temperatures of the air; the next

members are Hquids of varying degrees of specific gravity and

boiling points, both of which it will be observed increase as

the complexity of the hydrocarbon molecule increases ; the

higher members of the series are solid bodies, whose melting

points increase with an increase in the number of atoms of

carbon and hydrogen they contain.

They are not acted upon by treatment with caustic soda

or caustic potash at temperatures below the boiling point of

water ; melted with solid caustic alkalies the higher members

of the series do undergo decomposition. Treated with

either dilute acids or strong acids at the ordinary temperatures

of the air, the paraffins are not affected. Hot strong liydro-

chloric acid has little or no action ; hot strong sulphuric acid

exerts a charring action, while hot strong nitric acid de-

composes them to some extent. It was their power of

resisting treatment with acids and alkalies that earned for

them the name of paraffins from two Latin words

—

parum,

without ; affinis, affinity. They are all perfectly stable bodies,

and may be exposed to air without undergoing any change.

This property is of considerable value as regards the applica-

tion of the paraffin hydrocarbons to the lubrication of

machinery, and other uses. They are all inflammable bodies,

and this feature is taken advantage of, the lower members

forming the bulk of the paraffin and petroleum burning oils,

while the higher members, under the name of paraffin wax,

are employed in the manufacture of candles.

The paraffins are found among the products of the

distillation of shale, peat, coal, and are present in all

petroleums.

There is one feature of the paraffins, which they possess

in common with other series of hydrocarbon compounds, and

that is their property of forming several isomeric bodies ; thus

in petroleum two octanes, two nonanes, and two of other
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members of the paraffin hydrocarbons are found. These

bodies differ from one another in their boiling points, and in

the character of the compounds they yield when subjected to

various chemical reactions. Warren was the first to point

out the existence of these two series of paraffin hydrocarbons

in American petroleum, and he gives the following table of

the first few members of the two series :

—

Paraffins.
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suspect that they do exist, but have not yet been isolated

or prepared.

The lowest possible term or member would have the

formula CHg, methene or methylene, but from theoretical

considerations this cannot exist in the free condition,

although we are acquainted with compounds derived from it.
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acid, readily dissolves them, forming peculiar sulpho-deriva-

tives. Mixed with strong sulphuric acid absorption slowly

takes place, and compounds of sulphuric acid with alkyl

radicles are formed. Thus ethene forms ethyl sulphuric acid,

C2H5HSO4, from which ethyl alcohol can be got by boiling

with water. When liquid olefins of low boiling point are

digested for some time with sulphuric acid, they undergo

polymerisation, that is, they are converted into higher

members of the same series. Thus pentene or amylene,

CgHjQ, which boils at 35° C, is converted into diamylene,

C10H20, and into triamylene, CijHgp, which are bodies of higher

boiling points and specific gravity. Other olefins are similarly

affected. Zinc chloride and other bodies have the property

of bringing about this polymerisation. The action of sul-

phuric acid has some bearing on the treatment of the crude

oils in refining Scotch and American lubricating oils. It is

customary to treat the crude oils with strong sulphuric acid

to remove nitrogenous bodies. If too much acid be employed

it is obvious that it may act upon the olefins present and

dissolve them, thus leading to a loss of oil.

The olefins have the property of combining with hydri--

odic acid, hydrobromic acid, and hydrochloric acid to fornt

what are called hydroiodides, hydrobromides, etc. These:

bodies, when heated with moist silver oxide, give rise to the-

original olefin and an alcohol of the paraffin series.

The olefins combine with hydroxyl to form a series of'

alcohols which contain two equivalents of hydroxyl, and are

.

known by the generic name of glycols. Those best known

are glycol or ethylene alcohol, C2H4(OH)2, propylene alcohol,,

C3He(OH)2, butylene alcohol, G^R^iOIT)^. These olefin

alcohols can be oxidised, when they yield two series of acids^

one monobasic, the other dibasic in character. Both classes

of acids are important, and include such well-known bodies

as oxalic acid, lactic acid. The relationship between the
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olefin and the alcohol and acids derived from it is shown

in the following formula :

—

Bthene. Glycol. Glycollio Acid. Oxalic Acid.

rCHj! rCHjOH fCHjOH roooH
ICHj ICHaOH \C00H lOOOH

Alkalies have no action on the olefins at any temperatures

below the boiling point of water, or even slightly above that

temperature. They are not prone to oxidation when exposed

to the atmosphere.

The larger proportion of Scotch and American lubricating

oils are olefins of varjdng gravities and boiling points.

NAPHTHBNES.

The naphthenes are a group of hydrocarbons which have

T3een found in Russian petroleum oil and in the products of

the distillation of rosin. They have not yet been fully

investigated, or the true position and relationship of the

various members properly ascertained and correlated.

The naphthenes have the general formula CnHjn, which,

it will be observed, is the same as that of the olefins, with

which, therefore, they are isomeric, but differ very much in

their properties. The first member of the series at present

known contains six carbon atoms, and, from various con-

siderations, it seems reasonable to suppose that that is the

simplest member which can exist, just as benzene, CgHg, is

the simplest hydrocarbon of the benzene series.

The naphthenes act like saturated hydrocarbons. Deriva-

tives are known, but they are all obtained by substitution

of an hydrogen atom for some other element. By various

reactions they can be converted into derivatives of aromatic

hydrocarbons of the benzene series. These facts all point to

a different grouping of the hydrogen and carbon atoms in

the naphthenes, to what is the case with the olefins. In
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the paraffin and olefin series of hydrocarbons the whole of

the reactions which they are capable of undergoing can be

readily explained, on the assumption that the atoms are

arranged in what is called a chain form, represented by the

formula

—

H H H H H H
I I I I I IH—C—C—C—C—C—C—

H

1 I I I J JH H H H H H

for hexane, CgHj^, while the corresponding alefin, hexene,

CgHij, has the formula

—

H H H H H H
I I I I I IH—C—0—G—0—C—

C

I I I I I

H H H H H

On the other hand, the properties and chemical relation-

ships of the naphthenes can be best explained by assuming

that the atoms of carbon and hydrogen are arranged in a ring

form, as shown in the formula for six carbon naphthene,

C6H12

—

HHHH
' V IH—C-C—C-H

H—0—C—C—

H

I A IHHHH

In this all the carbon atoms are connected together in a

ring, each with two atoms of hydrogen. An inspection of

the two formulae for the olefin and the naphthene will

show how it is that the olefin can form compounds by

addition, while the naphthene cannot. In the former case,

two of the carbon atoms are connected together with two

bonds, one of which can be opened out and combined with

chlorine or some other element ; on the other hand, in the

naphthene, the whole of the bonds of the carbon are engaged.
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The other members of > the naphthene hydrocarbons are

derived from this by substitution of one of the hydrogen

atoms by methyl or some other alkyl group.

So far the known naphthenes comprise those which

contain from six to fifteen carbon atoms.

The specific gravity of the naphthenes is relatively

greater than that of the olefin or paraffin hydrocarbons.

Their boihng points are lower, while they are more

viscid in character. This can be seen by an examina-

tion of the following table, which gives the gravities and

boiling points of several members of the three series of

hydrocarbons :

—
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xylene ; nonanaphthene, tribromo-pseudo-cumene ; and hep-

tanaphthene yields penta-bromo-teluene.

It is therefore evident that the connection between the

naphthenes and the benzenes must be very close. Chemists

do, in fact, regard the former as hydrides of the latter.

See the Oil and Colourman's Journal, November, 1893, to

April, 1894, for further information on the paraffins, olefins,

and naphthenes, and the chapter on petroleum for Hst of

known naphthenes.



CHAPTER III.

SCOTCH SHALE OILS.

The first hydrocarbon or mineral oils which were known

were obtained from a small deposit of what would now be

called petroleum oil, found at Alfreton in Derbyshire, which

will again be referred to presently. This, however, was soon

worked out, and then came oils prepared from what is now
known as Scotch shale, a peculiar mineral found only in the

district which lies between Glasgow and Edinburgh in

Scotland, none being found in any other part of Great

Britain, while similar shales have been found in but few

localities. New South Wales being the most notable.

The Scotch oil shale presents the appearance of a black,

somewhat flaky mass of a homogeneous structure, more or

less glossy on the surfaces. If the shale contains much oily

matter it can be cut, and when held in the flame of a lamp,

will burn with a luminous flame
; poor shales are stony and

slate-like in appearance. They contain from 72 to 83 per

cent, of mineral matter ; the rest being of a volatile character.

When heated they do not soften or melt, but retain their

original form and size ; a feature which is of great importance,

and is of value in the treatment of the shale.

The principal shale mines lie in the two counties of

Edinburgh and Linlithgow. The beds of shale are found

interbedded with calciferous sandstone and underlying the

lower coal measures. The principal seams of shale are the

following :

—

The Eaeburn shale, which is 2i to 3 feet thick, and is

worked to a small extent.

(24)
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Next comes theMungle shale,which isabout 30 inches thick.

About 24 fathoms below this is what is known as the two

feet coal, which is not worked ; the upper portions of this are

good shale.

The Grey shale lies 34 to 50 fathoms below the two feet

coal, and averages 34 inches thick. This seam is worked in

West Calder, and yields a crude oil notable for the large

proportion of solid paraffin wax it contains.

The Houston coal lies 10 to 14 fathoms below the Grey

shale. It is mined by many of the oil companies, but without

any satisfactory results.

The Fells shale lies from 30 to 40 fathoms below the

coal. This is one of the best and most important of the

oil shales, and is largely worked ; the upper portions of the

shale yield as much as 36 gallons of crude oil per ton of

shale, while the bottom portions yield 18 gallons, being the

richest of the shales in its oil-yielding power. From 20 to 30

lbs. of ammonia sulphate is obtained from a ton of this shale.

The Broxbourn shale. This is one of the thickest seams

of all the oil shales, averaging 5i feet thick, and is extensively

worked. It yields from 16 to 20 gallons per ton of shale,

with 40 lbs. of ammonia sulphate, from some portions, while

others yield 35 gallons of crude oil and 25 lbs. of ammonia

sulphate per ton of shale.

Dunnet's shale lies from 45 to 70 fathoms below the

Broxbourn shale, and ranges from 6 to 7 feet thick. It yields

from 15 to 30 gallons of crude oil, and 20 to 40 lbs. of

ammonia sulphate per ton of shale.

Barracks shale. This has been but little worked; it is.

of great thickness, averaging 10 feet.

Below this seam comes a series of calciferous sandstone

beds, followed by what is known as the Camps limestone at

a distance of 100 fathoms below the Barracks shale, while at

120 -fathoms below the limestone there is the
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Pumpherston shales, which consist of five seams known
respectively as the Jubilee shale, about 8 feet thick; the

Maybrick shale, 6 feet thick ; the Curly shale, 6i feet thick-;

the Plain shale, 8^ feet thick ; and the Wee shale, 41 feet

thick. These shales yield on an average 20 gallons of crude oil,

and from. 60 to 70 lbs. of ammonia sulphate per ton of shale.

Before proceeding to describe the process of extracting

oil, etc., from these shales, it will be convenient, and lead to

a better understanding of the details of the process, if an

outline description at first be given.

The shale is mined and then placed in large, vertical iron

retorts, heated by fire or hot gases. In the modern retorts

steam is also sent into the retorts. As a result, the shale

gives off a large proportion of volatile matters, which are

condensed, while the mineral or inorganic portion of the shale

remains behind in the retort, and is known as " spent shale ".

The volatile portions consist of uncondensable gas, which

is utilised in the works as an illuminant and as a fuel ; water

which contains a large proportion of ammonia, and is con-

verted or used for making ammonia sulphate, a valuable

manure. Lastly, there is the principal product, a thick,

brown, tarry mass, known as the " crude oil".

The crude oil is subjected to a number of operations with

the object of converting it into useful products. First it is

placed in a still or retort and distilled, when it yields " coke
"

and " once run oil ". This latter product is next treated with

sulphuric acid, which extracts from it a large quantity of

basic bodies, and for the oil refiner useless hydrocarbon

bodies. The treated oil is next treated with a solution of

caustic soda, which extracts from it acid "bodies; the purified

oil is again distilled, and now it is fractionated into three

products : a light spirit of a specific gravity of about 0'760,

known as " green naphtha "
; a light oil, known as " twice run

light oil " ; and a dark-coloured pasty oil, known as " green

oil," while coke remains behind in the still.
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The naphtha is purified by treating it with sulphuric

acid and caustic soda and redistillation, when " naphtha " is

obtained. The twice run light oil is treated with acid and

soda, and distilled ; it is separated into several fractions

which, when further purified, form the various grades of

burning oils. The green oil is subjected to a refrigerating

operation, which causes the paraffin wax it contains to

crystalHse out, so that by pressing it can be separated from

the oil, forming in its crude condition "paraffin scale," which,

when further purified, is converted into " paraffin wax ",

The oil which is separated from the green oil is known as

" blue oil" ; it is treated with acid and soda and redistilled

into various grades of lubricating oils—light, intermediate,

and heavy. The following diagram shows the relationship

of the various crude and refined products :

—

DIAGRAM OF THE SHALE OIL INDUSTRY.

SHALE. Retorted gives

Spent shale.

Gas.

AMMONIA LIQUOR.
Sulphate of ammonia.

CRUDE OIL.

Coke.

ONCE RUN LIGHT OIL.

Green Naphtha.

Refined Naphthas, 730 to 760 gravity.

Twice Run Light Oil.

Burning Oils from 810 to 820 gravity.

840 Oil.

GREEN OIL.

SCALE.
BLUE OIL.

Mineral Colza Oil 840.

840 Oil.

865 Lubricating Oil.

875 Lubricating Oil.

885 Lubricating Oil.

890-95 Lubricating Oil.

This general scheme is subject to modifications at different

works.
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The history of the Scottish shale oil industry may be

briefly summarised as follows : In December, 1847, Dr.

Lyon (now Sir Lyon) Playfair called James Young's atten-

tion to the existence of a deposit of oily material at a

coal mine at Alfreton in Derbyshira Young took up the

matter, and found that the oil, when purified by distillation,

yielded an oil that could be employed in the lubrication of

machinery. The crude material was soon exhausted. Then

Young turned his attention to Scotland, and found at

Torbane Hill a deposit of shale which, when distilled, gave

oil. The use of this and the method of extracting oil from

it he patented (EngHsh Patent, No. 13,292, 1850) in 1850,

from which date the Scottish oil trade may be said to have

existed. The Torbane Hill mineral was exceptionally rich

in volatile matter, yielding at the rate of 120 gallons of crude

oil per ton, showing it to contain about 70 per cent, of

mineral matter and 33 per cent, of volatile matter. This

mineral was exhausted by the year 1862.

Since 1862 the oil has been got from the shale which is

found in fairly large deposits in the district which lies

between Glasgow and Edinburgh. The various seams of

this shale have been already described. Naturally, in the

course of nearly half a century, the industry has seen many
changes, and many improvements have been made in the

details of the process of extraction and in the plant employed.

In the early days there was no competitor, but in 1864

petroleum was discovered in America, and in the period from

1864 to 1872 its use was gradually developing, and it was
becoming a great competitor of shale oil ; and since 1873 the

Scotch shale works have had a hard struggle for existence,

although at intervals they have had periods of prosperity.

The competition with petroleum has had great influence in

perfecting the plant and process, and causing the oil works

to turn their attention to sundry bye-products, the sulphate of
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ammonia and the wax, in which the petroleum works could

not compete.

There are three distinct periods in the history of the

shale oil trade. The first period extends from 1850 to 1867.

The shale was heated in vertical retorts to a strong red heat,

so that a large number of charges might be run through,

although it was considered that a " low red heat " was essential

to the success of the operation. The crude oil obtained was

tlack, tarry, and contained about 8 per cent, of solid paraffin.

Little or no attempt was made to utilise the ammonia liquor.

The second- period was inaugurated by the introduction

of William Young's retort (English Patent, No. 650, 1867) in

1867, and lasted until about 1880. The low red heat was

fairly successfully attained, with the result that the crude oil

obtained was of better quality, yielding 10 to 11 per cent, of

solid paraffin wax. The process of extraction was much im-

proved by the introduction in 1873 of the Henderson retort.

Much attention was paid to the bye-products oi the process.

In 1881 was introduced the third period in the retorting

of the shale by the introduction of the Young and Beilby

tetort. In this the low heat was fully attained. The shale

was subjected to a double distillation process at first to a low

red heat for the purpose of obtaining the volatile products,

and, secondly, to the action of superheated steam, by which

means the nitrogen contained in the shale was driven off as

ammonia. More attention was paid to the purifying of the

products, so that a greater yield of refined products was

obtained from the shale. The principle first embodied in the

Young and Beilby retort of subjecting the shale to a double

distillation has been followed up by other inventors with more

or less success. Henderson has lately devised a retort which

is a material improvement on any hitherto introduced.

Besides the improvements which have been made in

the retorting of the shale, the processes and plant employed
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in the refining of the crude oils and intermediate oils have

been the subject of invention, so that now the finished

products are of far better quality, the burning oils are brighter,

freer from odour, and burn better ; the lubricating oils are

brighter, contain less paraffin in solution, while their viscosity

and flash points are better; the wax is of higher melting

point, and is better in quality, while there is a greater yield

of valuable products from the crude oil.

PRODUCTION OF CRUDE OIL.

While some attention will be paid to the older methods

J
of retorting and dealing with the

ihale and crude oil, as being of some

slight interest, more notice will be

iaken of the plant in use at the oil

works of to-day.

The earliest retorts employed in

the shale oil industry were copied

From those used in the coal gas in-

iustry, and were of a Q shape and

built horizontally in the furnace.

They were made of thin cast iron,

and measured 8 to 10 feet long by

35 to 40 inches wide. A number of

these retorts were placed in a single

furnace and heated by one fire. The

weight of each charge was 450 lbs.,

and usually three such charges were

worked off in twenty-four • hours.

These horizontal retorts soon gave

place to what are now known as

the old vertical retorts.

The vertical form of shale retort

Pig. 1. Vertical Shale Retort, g^jq-^n in Figure 1 has been the

accepted form from very early times in the history of shale
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distilling. Figure 2 is a drawing of a set of vertical retorts

such as have been in use at the works of the Young's

Paraffin Oil Co. at Addiewell. These retorts' were 10 feet

T~f"r~f"''r^

Fig. 2. Benoh of Shale Retorts.

long by 2 feet in diameter. Sometimes, they were made

round, at other times oval, in section. The top of the retorts

was made with a hopper valve for the purpose of charging

them, the construction of this hopper A'alve being shown in
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the drawing. The bottom was left open, but it dipped into

a trough of water which acted as a water seal. The products

of the distillation were carried away by a pipe from the top

of the retort. They were usually built in sets of six, and

were fired from an external fireplace, the flames and heat

passing through flues into the space round the retorts.

The charge will range from 6 to 8 cwt. The charging and

duration of the working were so arranged that 1 ton of

shale was worked off from each retort in twenty-four hours.

The mode of charging is as follows : The spent shale which

hes in the water trough under the retort was raked out by

long rakes. This allowed the shale in the retort to fall

down, and it in like manner was raked out. Then the valve

of the hopper funnel at the top of the retort was opened, and

the shale previously placed in the hopper allowed to fall into

the retort. These retorts gave a yield of 30 tons of crude oil

from 1 ton of shale with 60 to 80 gallons of ammonia

liquor, which produced about 15 lbs. of ammonia sulphate.

The crude oil was black and tarry, and yielded on refining 5

per cent, of naphtha, 40 per cent, of burning oil, 13 per cent,

of lubricating oil, 8 per cent, of wax, and there was 34 per

cent, of loss on working up the crude oil. Some of this loss,

however, is gas and coke, which is used for fuel and illumin-

ating purposes.

A number of modifications of these old vertical retorts

were in use, differing from one another in the shape and size

of the retort. Some were long and narrow, others were of

large diameter. Then differences were made in the manner

of arranging them in the furnace, and in the construction of

the heating arrangements. In no case was steam applied to

any of the old vertical retorts as a regular method of working.

The first great improvement in the retorting of shale

was brought about by the introduction of the Young retort

in 1867 (EngHsh Patent, No. 650, 1867). These retorts were
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built in sets of four. They were double-walled retorts, as

may be seen by inspection of the drawing. The outer wall

came in contact with the furnace gases and the heat, while

the inner retort, which was separated from the outer one by

about 1| to 2 inches, held the shale. The products of the

distillation passed out through an outlet at the bottom, a

perforated partition across it preventing any of the shale

from getting and choking up this outlet. A similar but

larger outlet on the opposite side of the retort served to

discharge the spent shale.

A hopper at the top served to feed the retort. A current

of gas or steam was sent into the space between the two

retorts, and passing through the shale in the inner retort

helped to carry off the vapours which were produced, and in

the case of the steam helped to increase the proportion of

the ammonia liquor produced.

As a comparison of the results which were obtained, the

Oakbank shale gave in the old vertical retorts 61'92 per cent,

of finished products from the crude oil, of which 8"12 per

cent, was paraffin wax. In the new Young retorts the crude

oil gave 69"01 per cent, of finished products, of which 11"76

was paraffin wax.

This retort was not long in use, and has been superseded

by the Henderson and the Young and Beilby retorts.

The Henderson retort, a sectional drawing of which is

given in Figure 8, was brought out in 1873 (English Patent,

No. 1327, 1873). It was a great improvement on any that

had previously been invented. The Henderson retorts are

built in benches of four, are made of cast iron, 15 feet long

and about 2 feet in diameter and Ij inches thick. At the

top is an arrangement for filling the retorts ; the products of

distillation were carried away by a tubulure at the bottom.

The bottom of the retort was formed by a kind of door

which opened into the fireplace. The retort chamber is

3
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separate, and divided from the furnace chamber by means

of a brick partition, from the centre of which a flue com-

PiQ. 3. Henderson Shale Eetort.

municated with the retort chamber. By this means the

temperature of distillation was kept low, and, further, the
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greatest heat was at the top, where the shale first comes into

contact with it. The fuel to fire these retorts is partly-

obtained from the spent shale, which contains a small propor-

tion of carbonaceous matter, and which is thrown into the

fireplace when discharged from the retort. The gas which is

always produced during the distillation of the shale is also

employed for fuel, and these are supplemented by coal or

coke.

The charge of a Henderson retort weighs 18 cwt., and

takes sixteen hours to work through, at the end of which

time the door of the retort is opened, and the spent shale

allowed to drop into the furnace, where the carbonaceous

matter it contains burns off and serves to heat the retorts.

The working of a bench of retorts is so arranged that a

retort is emptied and refilled every four hours.

The products of distillation of this retort pass out at the

bottom and into the usual hydraulic main that runs along

the front of each bench of retorts.

The crude oil obtained from the Henderson retort is

lighter in specific gravity, the difference being from 0'02 to

0'03
; and it contains a larger proportion of valuable constitu-

ents, as will be seen from the following figures :
—
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drops into the fireplace there is about 9 tons of combustible

matter.

The yield of products from the crude oil has already

been given. The ammonia water from 1 ton of shale

contains sufficient ammonia to make 16 lbs. of sulphate of

ammonia on the average. The gas averages 2000 cubic feet

per ton of shale, and it, along with the spent shale, has

usually been found sufficient in quantity to fire the furnaces,

so that little additional fuel is required.

About the year 1881 some attention began to be paid to

the question of increasing the production of the ammonia

sulphate from the ammonia water. The demand for ammonia

sulphate for manurial purposes having largely increased

during previous years, investigations which were carried on

by various chemists showed that, on the average, shale

contains 072 per cent, of nitrogen ; and that out of 100 parts

of nitrogen present in shale 17 was given off in the form of

ammonia, 20'4 per cent, came off in the form of bases in the

crude oil, while no less than 62"6 remains behind in the

spent shale. It will thus be seen that most of the nitrogen

remains behind in the shale. That which comes off in the

form of bases, like pyridine, coridine, etc., is practically

useless. Whether it can be decreased or not is uncertain,

but it would be of decided advantage if that could be done,

inasmuch as then the trouble and cost of refining the crude

oil would be reduced, and moreover it is probable that the

yield of scale and oil would be increased.

Many attempts have been made to increase the yield of

ammonia from shale. The addition of lime and soda has

been tried, but without any advantage. Hydrogen has been

sent into the retorts towards the end of the distillation, with

the result that the amount of ammonia has been materially

increased, but the cost of the process, compared with the

increase in yield, was too high. The introduction of air into



SCOTCH SHALE RETORTS. 37

the retorts materially increases the yield of ammonia ; but

the best material to use is steam, for this not only increases

the yield of ammonia, but also that of the paraffin scale.

The amount of nitrogen in shale should, if all came off as

Fig. 4. Young and Beilby Shale Eetort.

ammonia, give from 70 to 80 lbs. of ammonia sulphate per

ton, but, as a matter of fact, only some 17 to 20 lbs. is

usually obtained from the old retorts.

In 1881 Messrs. Young and Beilby, after long experi-

menting on this subject, introduced a new form of retort
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(English Patents, Nos. 1377, 4284, and 5084, of 1882), one

object of which was to increase the yield of ammonia. This

retort is shown in section in Figure 4, and it is worked

in benches along with a gas producer, which is shown

3S

Fig. 5. Young and Beilby Gas Producer.

in Figure 5, and is very similar in construction to the retort

itself. This gas producer is necessary, inasmuch as in the

last stages of distillation the shale is heated to a high

temperature.
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The retorts are built in nests of four, as is the Henderson

retort. The lower portion of the retort is built of brickwork,

the end being curved as shown, and a discharging door is

provided. The upper portion of the retort is made of iron ; the

upper end of the retort opens out into a chamber common
to the nest of four, although a separate charging hopper is

provided to each retort. The products of distillation pass

off from the top of the retort.

The shale is charged into the hopper, and is heated by

hot gases from the retort below. As spent shale is removed

from the discharging door at the bottom, the shale gradually

moves down and passes through each portion of the retort.

In the iron portion of the retort it parts with its hydrocarbon

oils and paraf&n, while in the brick portion the carbon is

more or less completely burned away by the heat and steam

with which the shale comes in contact, and water gas and

ammonia are produced. In the brick portion of the retort

the shale is heated to a white heat, and comes in contact

with superheated steam, the effect of which, according to

Grouven (Versuchsstationen Jour., 28,343), is that the nitrogen

in the shale is converted into ammonia, the steam preventing

its after-decomposition, and, moreover, exercising a useful

influence on the production of hydrocarbon oils and paraffin

in the upper portions of the retort. The retorts are heated

by gas ; that which is produced in the distillation of the

shale is employed along with some specially produced by a

gas producer, the construction of which is shown in Figure 5.

This gas producer consists of a vertical retort built of brick.

At the top it is closed with a charging door, while from the

top end passes a pipe carrying off the volatile products which

are formed. The lower end of the retort is closed by a

fireplace and ashpit, which are fitted with regulating doors

and dampers. A number of flues surround the retort, com-

municating with the bottom of the retort. These gas pro-
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ducers, like the shale retorts, are built in nests of four. The

producer is fed by coal. In the upper portion it undergoes

some distillation, the temperature being a red heat, the

gases and vapours vt^hich are formed passing away by the

exit pipe that is provided, and cooled and collected. The

coke which is formed gradually passes down the retort and

comes into contact with a current of steam, and now it is

decomposed, water gas and ammonia being formed. These

pass away with other volatile products, the ammonia being

collected and the gas used for heating the retorts. Some of

the coke escapes the decomposing action of the steam. This

when it comes down to the firebars is burnt to carbon

monoxide, and this passing into the flues burns and serves to

heat the retort or producer.

These gas producers yield from 90 to 120 lbs. of ammonia

per ton of the coal used, which contains an amount of

nitrogen equal to 165 to 170 lbs. per ton, so that a large

proportionate yield is obtained. The gas which comes from

the producer consists of carbon dioxide, carbon monoxide,

methane, hydrogen, and nitrogen, hydrogen being the most

important, usually forming 28 per cent, of the gas. Nitrogen

exists to the extent of 44 per cent., while the carbon dioxide

forms about 10 per cent. The composition of the gas will,

however, vary from time to time.

The Young and Beilby retorts are worked with steam

and air being sent into them. The introduction of these

bodies has a material influence on the amount of ammonia
and paraffin obtained. It has been ascertained that, working

without steam and air, 1 ton of shale will give about 30

gallons of crude oil, containing lOi per cent, of solid paraffin.

Working with steam and air, the yield of crude oil rose to

33 gallons, and it contained 12i per cent, of solid paraffin,

while the ammonia was nearly doubled in yield.

Previous to the introduction of these retorts at the Oak-
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bank works, the old vertical retorts in use gave from 15 to

16 lbs. of ammonia sulphate per ton of shale, vfhile the nev?

Fig. 6. Couper-Rae Shale Retort.

ones gave 30 lbs. per ton. The crude oil from the Young

and Beilby retort is of lighter specific gravity and is far

purer in quality, so that it is possible with it to do away
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with the first redistillation and begin to fractionally distil it

at once, there being thus a saving of expense in the treat-

ment of the oil.

In 1883 the Couper-Eae retort was brought out. This is

shown in Figure 6, from which it will be seen that this

retort closely resembles the Young and Beilby retort, but

the lower portion is built of solid brickwork, while in the

Young-Beilby retort it is built open for the flames and heat

from the burning gases to play around the retort. Further,

in the Couper-Eae retort

a mixture of steam and

air is introduced by a

steam jet in the lower

portion of the retort.

The Stanrigg retort

(Enghsh Patent, No.

9783, of 1889) was in-

troduced in 1889. It is

shown in Figure 7, which

shows it to be very sim.ple

in form. It is built of

brick cased with iron. It

is 46 feet high, this height

having proved to be the

least which will yield

the maximum amount of

ammonia from theshale.

The diameter is 7J feet

at the top and 11 feet at

the bottom. The charg-

ing is done at the top,

from which end also the
Pig. 7. Stanrigg Shale Retort.

gases and vapours are drawn off, the exit being favoured by

using a Boots blower. Low pressure steam, using about
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100 lbs. per ton of shale, is passed into the retort at the bot-

tom, while some air is also drawn through the retort, passing

Fig. 8. Henderson Shale Retort.

in at the discharging doors. The charge is 60 tons, and it

takes five days to work it off, 12 tons being removed each

day and replaced with fresh shale. The heat attained in
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this retort is about the least of any, and is well under

control. Stanrigg shale distilled in this retort gives 40

gallons of crude oil of a specific gravity of 0*860 per ton,

with 30 lbs. per ton of ammonia sulphate. The gas amounts

to 60,000 cubic feet. There is but little naphtha yielded in

this retort, which is rather disadvantageous, and arises from

the large quantity of gas which is evolved, preventing

effectual scrubbing.

In 1889 was introduced by Mr. Henderson a new form of

retort (English Patent, No. 6726, of 1889), which is shown

in Figure 8. This new retort is vertical, and is 28 feet long.

The upper portion is made of cast iron, and here the oil is

distilled from the shale at a temperature of about 900° F.

The lower portion is built of brick, and is maintained at a

temperature of about 300° F. The brickwork portion of the

retort is surrounded by flues into which the gas from a gas

producer is sent. The gas burning in the flues heats the

retorts. The bottom of the retorts is formed into a shoot,

so that the spent shale can be delivered into waggons running

ou rails below the retorts. In the bottom of the retort are

fitted rollers with teeth, the revolution of which forces out

the spent shale. One peculiarity of this retort is that it is

being continually discharged, and not in an intermittent

manner, as is the case with the other retorts, so that the

charge is continually dropping down the retort. This con-

tinuous motion is said to increase the yield of ammonia and

gases from the shale. Further, that it prevents any fusion

of the shale, and therefore removes any liabihty to aggregate

together which sometimes occurs in the older forms of re-

torts. The products of combustion are drawn off from the

top of the furnace.

The following gives the comparison between the

working of this new Henderson retort and the old form

of 1878:—



SCOTCH SHALE OIL DISTILLING. 45

1873 Eetort.
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distilled throughout. Besides these oily bodies, water is

found accompanying them. In modern shale distilhng

retorts the whole charge of shale is at varying stages of its

decomposition ; that at the top is just giving off its lightest

products, that at the bottom is giving off its heaviest

products, while the intermediate portions are at intermediate

stages of treatment. Therefore, from the exit pipe, there

is passing a complex mixture of volatile products.

COLLECTION AND TREATMENT OP VOLATILE PRODUCTS
PROM SHALE.

The volatile products obtained in the distillation of shale

are carried out of the retorts by suitable pipes, generally from

the top of the retort, but in one or two forms, as has been

previously noted, from the bottom. These exit pipes are in

communication with an hydraulic main which passes along

the front of the bench of retorts. In this main some

condensation of the less volatile products will take place, but

the amount is not large ; necessarily it varies with every

different kind of retort. Owing to the very different

temperatures at which the gases and vapours issue from the

exit tube, in some this temperature will reach about 1000° F.,

in others it may not exceed 500° F.

From the hydraulic main the products pass through a

series of upright fl shaped tubes, standing on a large iron box

divided into compartments, so that one leg is in communica-

tion with one compartment, and the other leg with the next

compartment. These tubes act as condensers, the arrange-

ment of the condensers on the iron compartment box ensuring

that the products will pass through the whole series of tubes,

and therefore the products will become fairly well condensed.

In winter, of course, the condensation is much better than in

the hot summer weather, when occasionally it may happen

that some of the more volatile products escape condensation.
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These are recovered as mentioned below. In the condensers

the ammonia water and crude oil condense and collect in the

box, from which they flow into separators.

SEPAEATOES.

The separators are shown in a sectional diagram in

Figure 9. They consist of an iron box divided into two

Pig. 9. Crude Oil Separator.

compartments by a partition which does not extend quite to

the bottom, and divides the box into two unequal-sized

compartments. The inlet pipe for the products from the

condensers opens into the larger of the two compartments

on the top. From one side of this, near the top, is an

opening through which escapes the crude oil ; from another

side of the same compartment is another opening through

which flows the gaseous and uncondensed product ; from an
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Opening in the smaller compartment, which is placed some-

what below the level of the oil opening, flows the aqueous

portion of the distillates. The water, being heavier than the

oil, sinks down to the bottom in the separator, and, passing

under the dividing partition, flows out through the exit pipe

provided for it ; while the oil, being lighter, remains in the

first division of the separator, and flows out through its exit

pipe.

The Gases.— The uncondensed products which pass

through the separators, consisting chiefly of uncondensable

gas, but which often contain portions of light hydrocarbon

vapours, are next passed through scrubbers. These consist of

a tall tower, filled with broken bricks, etc., down which flows

a stream of naphtha or light oil, which, exerting a solvent

action on the hydrocarbon vapours in the gases, dissolves

them, and carries them down to be afterwards recovered.

The gases themselves are then sent forward to the retorts to

be used for fuel, or they may be used for lighting the works

or other purposes to which gas can be put. The amount

usually produced is 2000 cubic feet per ton of shale, but the

quantity varies with the kind of retort which is used in the

operation of distilling the shale.

The Ammonia Water.—This usually has an average

specific gravity of 2|° Twaddell (1'012), and contains am-

moniacal compounds equivalent to 0*277 lb. ammonium
sulphate per gallon. It contains ammonium carbonate,

which is the principal compound present, ammonium
sulphide, ammonium sulphite, ammonium sulphate, am-
monium thiosulphate, all of which are present in traces only.

This ammonia water is converted into ammonium sulphate

by treatment with sulphuric acid, a plan which was first

adopted by Eobert Bell, in 1864, at the Broxbourn Works.

The ammonia sulphate has been found very valuable as a

manure.
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TEEATMENT OP THE CRUDE OIL.

The crude oil obtained in the distillation of shale is a

most complex mixture of various bodies. A great variety of

compounds have been found in it, but it is doubtful vfhether

it has yet been fully investigated, and ths whole of its

constituents known. It contains :

—

1. Paraffins ranging from GJl^^ to CgQHgj-

2. Olefins ranging from C^Hg to CjqH^q.

3. Crotonylenes, CgHjo, C7H12, CgHi,.

4. Hydrocarbons. Benzenes are present in but small

quantities, and are absent in some shale oils. The

presence of naphthalene and anthracene is doubtful.

Pyrene, CieHm, and chrysene, CigHia, occur in

notable quantity.

5. Nitrogen bases. Ammonia, members of the pyridine

series, coridine, rubidine and viridine are present,

but no members of the aniline series.

6. Oxygenated bodies. Acids of the acetic series are

present
;
phenols and oxyphenols and thymols are

present.

7. Sulphur compounds. These are present in small

quantity. Sulphur is present to the extent of 1"5

per cent, in shale. Of this 1'4 is left behind irt

combination with the spent shale, 0"025 per cent-

is found among the gaseous products, 0'028 is found,

in the crude oil, and 0'02 in the ammonia water..

The presence of sulphur in shale leads to the

diminution of the amount of paraffin wax, and a low-

yield of other products.

Of all these bodies found in crude oil, only the paraffins;

and olefins are of any service to the shale oil distiller. The
rest are of no use whatever, and have to be got rid of, and

their presence increases the difficulty of refining the crude

oil.

4
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The principles on which crude oil is refined are : First,

that sulphuric acid has a solvent action on the heavier

hydrocarbons—naphthalene, anthracene, pyrene, chrysene,

etc., and on the nitrogen bases which are present. Second,

that caustic soda has a solvent action on the oxygenated

and sulphur compounds. Thirdly, that by fractional distilla-

tion, the oils can be separated into hydrocarbons of varying

gravities and boiling points.

The process of refining crude shale oil, therefore, consists

in treatment with sulphuric acid, caustic soda and distilla-

tion.

The following diagram gives an epitome of these pro-

cesses and shows where the various operations come in :

—
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This diagram does not pretend to be complete, but

simply to give a general idea of the method of working.

The details of refining vary at different works ; some pro-

duce a comparatively small number of products, others carry

the refining rather further and produce a greater variety.

CRUDE OIL is a dark, reddish brown, pasty mass, with

a peculiar odour. It has a specific gravity of from 0'865 to

0"890, the tendency being with modern improvements to

produce a lighter crude oil.

This crude oil is refined into useful products by a process

depending largely upon distillation, combined with treat-

ments by sulphuric acid and caustic soda. The distillation

of crude oil may be carried out in an intermittent manner,

or in a semi-continuous manner, the latter being the most

modern idea of refining shale oil.

The intermittent method of refining crude oil is carried

out in the following manner : The crude oil is put into a

large iron still which

is cylindricalin shape,

a concave bottom and

a large manhole on

the top. Such still is

shown in Figure 10.

It may be made 7 feet

in diameter and 5 to

7 feet high, and is 1

inch thick. From the

top rises a goose-neck,

which is in connec-

tion with a worm
condenser. The still

varies in size at different works, and may^be constructed

to hold from 250 to 2200 gallons of oil. The still is set in a

suitable brickwork furnace.

Fig. 10. Shale Oil Still.



REFINING SCOTCH SHALE OILS. 53

When the still is first set in operation some gas comes

over, at about 100° to 120° F. ; this is followed by a light

colourless oil. When the temperature gets higher, a pale

yellow oil comes over ; this oil gradually dai'kens in colour,

and soon particles of solid paraffin begin to show themselves.

Finally a dark brown oil comes over ; this contains the great

bulk of the alkaloidal matters of the crude oil. The distilla-

tion is carried on until nothing comes over, and a mass of

coke is left behind in the retort.

At first the condenser is kept full of cold water ; when,

however, the oil begins to get of a dark yellow colour, the

water is run off ; then when solid paraffin shows itself, warm

water is run into the condenser to keep the paraffin in a

liquid condition or otherwise the pipes might become choked

up.

The oily matter which comes over is known as " Once

Eun Oil". The modern shale retorts, Young and Beilby's

and Henderson's, are found to give crude oil of so much

greater piirity than what the older patterns of retorts did,

that it has been found possible to dispense with this first

distillation and proceed with the next operation, thus

saving a considerable item in cost.

In some cases steam is sent into the still, but this is not

customary.

ONCE EUN OIL. This has much the same appearance

as crude oil, but is rather paler in colour and lighter in

specific gravity, which is usually 0'845 to 0'876, and it forms

some 90 to 95 per cent, of the original crude oil.

The first treatment to which once run oil is subjected

consists in running it into large iron tanks holding about

8000 gallons and fitted with either a mechanical agitator or

with an arrangement for agitating with air, the latter plan

being considered to be the best. In these tanks it is mixed

with from 2J to 4 per cent, of its volume of strong sulphuric
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acid of 1-74 (150" Twaddell), the acid and the oil being

thoroughly mixed by the agitator. As regards a mechanical

agitator, this usually takes the form of an iron shaft carrying

arms which, running round in the oil, agitate it. The air

agitator usually takes the form of a copper box placed at the

bottom of the tank ; the box has perforated sides, and is in

communication with a blower which forces air through the

mixture of oil and acid. After being agitated together for

some time the mass is allowed to stand for about twenty-four

hours, when the acid settles to the bottom, carrying with it

all the impurities which it has dissolved out of the oil. The

layer of acid at the bottom of the tank is then run off, leaving

the purified oil. This acid layer has a black colour and a

strong odour of sulphur dioxide ; it is known as the acid tar.

The acid has no action upon the paraffins present in

the once run oil, and comparatively little if any on the ole-

fins. Some of the other hydrocarbons it polymerises, and

the crotonylenes which are present are probably converted

into acetylenes, for those bodies have been found present in

the acid tar while they are absent in the original oil. The

pyrene and chrysene are dissolved, while the nitrogenous

bases are combined with the oil and become dissolved

therein. It will thus be seen that the sulphuric acid has a

great purifying action on the oil. It is not advisable to use

too much or too strong sulphuric acid, or it may attack some

of the higher members of the olefin series of hydrocarbons

which may be present, and this is not desirable, as these

bodies are useful lubricating agents.

The acid tar which is obtained at several stages of the

process of refining shale oil (see Diagram, page 51) is mixed

with water, which causes the oil to separate ; this is collected

and used as a fuel, being burnt by means of a spray burner.

The acid is employed in the manufacture of ammonia sul-

phate.
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The second treatment of the oil consists in running into

the oil in the tank from 2^ to 4 per cent, of its volume of a

solution of caustic soda, of a specific gravity of 1"30 (60°

Twaddell), thoroughly agitating the oil and alkali together

and then allowing them to stand to settle. The alkali goes

to the bottom and carries with it all the acid and sulphur

constituents of the oil, the alkahne mixture which is thus

obtained being run off and forming what is known as

"soda tar". The washed oil is then ready for the next

operation.

Pig. 11. Oil Washing Tank.

Figure 11 shows one form of tank in which the treatment

with acid and alkali can take place. The lower portion of

this tank has a steam jacket, so that the contents may be

heated to about 150° F. to ensure their being perfectly fluid.

It is fitted with an air agitator D, in connection with an air

pipe C, an outlet for the tar A, an outlet for the washed oil

O, and a steam pipe F to jacket.

The soda tar is treated by blowing air into it, which

causes the formation of carbonate of soda and the liberation
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of oily matters dissolved in it ; these are known as creosote,

but have little use. The carbonate of soda can be recausti-

cised for future use.

The WASHED ONCE EUN OIL is now run into a

still of some 2000 gallons capacity. This still differs some-

what in form from that used in the first distillation of the

crude oil, and is shown in Figure 12. Inasmuch as in this

second distillation the operation is not carried out until a

Pig. 12. Oil StUl.

dry residue is left behind, it is found better to employ a still

(Figure 12) with a convex bottom, so that when the distillation

is ended the residual liquid can be blown out through a pipe

provided for that purpose. In this second distillation the

oil is subjected to a fractional separation. As the distillation

proceeds, the distillates are tested from time to time. When
the specific gravity of it reaches 0-760, the receiver is

changedj or rather the direction of the stream of distilled
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oil is changed, and run into another tank. What has come
over is " green naphtha," the refining of which will be dealt

with presently. Then the distillation is carried on until

evidences of solid parafEn begin to show themselves in

the condenser, and then the direction of the stream of dis-

tillates is again changed. What has come over is known as

"twice run hght oil," and it is subsequently refined into

burning oils of various quahties. The distillation is then

proceeded with until a dark brown oil comes over, and but

little, about 5 per cent., of the original oil is left in the still,

then it is stopped. What has come off is known as " green

oil," and is afterwards refined into lubricating oils and

solid paraffin wax. The residue in the retort is used for

making grease, fuel, etc., and is known as " still bottoms,"

" shale grease ".

This system of distilling the crude shale oils is rather

costly. The wear and tear on the stills by being heated to

redness in the first case to run the oil to coking point, and the

breaking up of the furnaces by the unequal expansion due to

the cooling and heating which must occur in the intermittent

system of working, cause a very large outlay for repairs.

Still with the older forms of retorts it was necessary, inas-

much as the crude oil was not pure enough to fractionally

distil at once, and there is no doubt but that, during the first

distillation, some of the heavier hydrocarbons were broken

up with the formation of lighter hydrocarbons, a feature

which has been observed in the treatment of petroleum, and'

has been termed "cracking". The more modern retorts,

however, give a much purer crude oil, which may at once be

fractionally distilled. There has thus been devised a system

of continuous or semi-continuous distillation, principally by

Mr. Henderson of the Broxbourn works, where it is carried

out to its greatest length.
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The SEMI-CONTINUOUS SYSTEM of distilling the-

shale oil is carried out in a set of five stills. These are-

shown in Figures 13 and 14, which are taken from a paper-

read by Mr. D. E. Stuart, and published in the Journal of the

Society of Chemical Industry for February, 1889. In this-

method of distilhng two kinds of stills are employed. First

there is a set of three boiler-shaped stills set in a suitable

brickwork, and heated by separate fireplaces. These threes

boilers are, for the sake of economy, set in a single setting..

Besides these there are two coking stills of the form shown-

in Figure 14. The crude or once run oil is run into the centre

one of the three boiler-shaped stills, and it is heated. When
the naphtha begins to distil off, the supply of crude oil is.

allowed to run in at a rate equivalent to the rate at which

the distillation proceeds. This still is therefore kept at one-

uniform heat to permit of this being done. The oil from,

which the naphtha has been distilled off is run into one of

the end stills and is heated to a higher temperature, and from,

it the burning oils having a gravity of 835 are distilled off.

From this still the oil runs into one of the coking stills to be

run dry. What comes over in this still is the green oil. It

will be understood that there is a constant flow of crude oil

in at one end of the central still, and distilled oil out at the

other end into the second still. When this is full the flow

of oil is transferred to the third still at the other end of the

set. It is found that one naphtha still will keep two burning

oil stills in v^ork, and for these two coking stills are required-

The main advantage of such a system of distilling is that

a greater volume of oil can be treated in a given time, that the

regular heat at which they are maintained greatly reduces-

the wear and tear on them, and so reduces the cost of repairs.

A further economy is effected by causing the oils fed into the

stills to be heated by the hot vapours which are passing off

from the stills themselves.
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Three to four products are obtained in distilling fraction-

ally once run or crude oil by either of the methods described.

1st. Green naphtha.

2nd. Twice run light oil.

3rd. Green oil.

4th. Coke or shale grease.

These products are now subjected to various refining
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operations before they are sent out as commercial pro-

ducts.

The green naphtha is first treated with 1 to 1| per cent.

of its volume of sulphuric

acid, then with l.i to 2 per

cent, of its volume of caustic

soda, these operations being

called washing ; the tars

which are in each case pro-

duced being added to the

corresponding tars obtained

from the crude oil or once

run oil, and treated with

§ them.

^ The washed naphtha is

° next put into a still and

§ distilled until the distillate

'g has a specific gravity of

o 0'760. Sometimes two frac-

rt tions are collected, a light

M naphtha having a gravity of

0'730, and a heavy naphtha

having a gravity of 0"760.

Whatever remains in the

still after this naphtha has

come off is put into the

twice run light oil, and re-

fined along with that.

Shale naphtha, is a water-

white, very limpid oil or

spirit. Its specific gravity

varies3fromgO-730 to 0'760. It is quite insoluble in water,

and will not mix with that fluid. It is inflammable,

and on. the application of a light will take fire, burning
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with a luminous flame. It is therefore highly import-

ant when working with naphtha to be careful that no

light can come in contact with it or its vapour. It is very

volatile, and on exposure to the atmosphere evaporates

completely away without leaving any residue behind. It is

not acted upon by caustic soda, sulphuric acid, or nitric acid,

at all ordinary temperatures, or even when heated to a

moderate degree. Long digestion with strong sulphuric acid

will cause the olefins it contains to be dissolved in the acid,

but the paraffins are untouched. Naphtha is a powerftil

solvent of oils, fats, and sihailar bodies. It does not dissolve

resins freely, the most soluble being dammar. It is employed

as a solvent in the preparation of paints and varnishes, and

in other industries.

Naphtha begins to boil at about 60° C, sometimes even

higher ; usually from 4 to 6 per cent, distils over below 100° C,

10 per cent, under 125° C, 60 per cent, under 160° C, and

90 per cent, under 190° C. This is the usual average rate of

distillation for a heavy naphtha. A light naphtha will distil

at somewhat lower temperatures.

Shale naphtha is a complex mixture of hydrocarbons

which principally belong to two series, paraffins and olefins,

the latter forming about 60 per cent, of the naphtha. There

has been obtained—Hexene, CgHu, heptene, C^Hi^, octene,

CgHig, and nonene, CgHig, among the olefins ; and hexane,

CgH^4, heptane, C^Hig, octane, CgHig, and nonane, CgHj^,

among the paraffins, but other members of these hydro-

carbons are present.

The TWICE EUN LIGHT OIL is refined by washing

with 1 to 1| per cent, of sulphuric acid, and 1 to IJ per cent,

of caustic soda, as has been previously described. It is then

run into stills, and usually fractionated into three fractions :

—

1st. Having a gravity of from 0'800 to 0'810.

2nd. Having a gravity of 0-810 to 0-820.
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3rd. Having a gravity of 0-820 to 0-830.

What is left in the still, after running off these fractions,

is added to the green oil for treatment, or rather to the blue

oil, vphich is obtained from the green oil.

Each of these fractions is then subjected to a further

refining operation, vyhich consists in washing them vyith a

small proportion of acid and soda, usually about 1 per cent.,

and then redistilling into fractions, which then form the

commercial burning oils.

Usually the following grades of burning oils are made :

—

No. 1. Best having a gravity of 0-800, and a flash point

of 100° F.

No. 2. First quality, specific gravity, O'SIO; flash point,

103° F.

No. 3. Second quality, specific gravity, 0-815 ; flash point,

120° F.

No. 4. Lighthouse oil, specific gravity, 0-820 ; flash point,

160° F.

No. 5. Marine sperm oil, specific gravity, 0-830 ; flash point,

230° F.

After separating these fractions, there is usually left a

residue of oil of about 0-840 specific gravity. This is now
sold for gas making, as a fuel oil, etc.

Steam is sent into the retort to control the distillation.

The oils distil off unchanged. Very little of the cracking

which goes on during the distillation of American and

Eussian oils appears to occur with Scotch oils. The steam

serves the purposes of lowering the temperature of distilla-

tion, and enables the vapour of the distilling oil to be

carried out of the still. It is of great importance to

fractionate the oils thoroughly. A little naphtha left in a

burning oil lowers the flash point very considerably, while if

any of the heavier oil is left in, it reduces the capillary power

of the oil, and it burns badly. This thorough fractionation
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ds only effected by several distillations. The burning oils are

sent out in two forms, distilled oils and treated oils. The

former are purified by distillation only. These are darkest

in colour and strongest in smell, but they bum the best

;

the wicks do not become charred so much, nor become

covered with a crust. Treated oils are those which have

been washed with caustic soda. They are liable to contain

traces of soda, which causes them to form a crust on the

wick after a time. They are clear and bright in appearance,

and fairly free from odour. By careful washing of the oil

"with water, much of the alkali may be eliminated, in which

case there is little or no crusting of the wick.

The best oils are, after being distilled and treated,

subjected to a bleaching operation, which consists in exposing

"them in shallow tanks under a glass roofed shed to sunlight.

The extent of the bleaching is not great, but it is sufficient

to make the oil look paler, brighter and clearer.

A burning oil should not begin to boil much below 400° F.,

and leave but little residue at 572° F.

The GEEBN OIL contains the lubricating oils and solid

paraffin. The solid paraffin amounts to about 12 to 13 per

cent, of the crude oil. It is of interest to note that, from the

crude oil itself, only some 6 per cent, can be extracted, which

shows that much solid paraffin must be formed by the

subsequent distilUng operations through which the oil passes.

Probably the paraffin is present in the amorphous or un-

crystallisable condition, and cannot therefore be pressed out

by the usual method which is adopted for extracting paraffin

;

but during the distiUing this amorphous paraffin is converted

into crystaUine paraffin. It is noticeable, too, in the same

connection that the blue oil, which may be supposed to be

fairly free from solid paraffin when ;^fractionated, gives

distillates which contain soHd paraffin.

The green oil (or, hs it is sometimes]named, heavy oil and
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paraffin) is run into tanks about a foot deep in large open

sheds, where it is cooled. Being stirred from time to time

during the operation, the solid paraffin during the cooling

solidifies. From these tanks the mass is run into refrigerating

tanks. These are 10 feet long by 6 feet wide. They are

divided by suitable partitions into compartments. These are

of two sizes—one set 6 inches wide, into which is placed the

oil to be cooled, while the other set is 1 inch, wide, and

through these there is a constant flow of a solution of calcium

chloride that has been cooled in a refrigerating machine. It

is important that the rate of cooling be slow, so as to allow

time for the crystals of paraffin to form properly
;
generally

three and a half hours are allowed for the oil to cool down

from 60° or 70° F. to 30° or lower, in the first refrigeration

to which the oil is subjected ; but in the second, or subse-

quent coolings, eight to nine hours are allowed. Unless the

crystallisation proceeds properly, it is difficult in the subse-

quent pressing to press all the oil out of the scale, which then

comes up softer and browner in colour than it would

otherwise do. To facilitate the cooling, the sides of the

tanks are scraped from time to time, and the contents of each

compartment stirred up.

In some works, in place of using tanks for the purpose of

air-cooling the green oil, they have long cylinders of 3 feet in

diameter, in which there is a stirrer continually working.

From this cylinder, when sufficiently cooled, the oil runs

into the refrigerating tanks to be cooled still further.

At the Oakbank Works a somewhat different arrange-

ment is employed for cooling and refrigerating the oil, which

is allowed to take four days. The oil is run into deep but

narrow tanks, built in blocks with interspaces between,

these interspaces ,
being enclosed and containing tubes

through which flows a cold brine solution from a refrigerati

ing machine. Each block is made large enough to hold a
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day's production of oil. At the bottom of each cell revolves

a screw VForm, the shaft of which passes through stufQng-

boxes at the ends of the cell and is connected with a screw

worm gearing. The worm or screw in the cell is for the

purpose of breaking up the solidified paraffin and getting it

into a condition suitable for the filter press. This form of

plant is shown in Figure 15, which represents a longitudinal

section of a cell with the screw. It may be added that each

block of cells is supported on girders and pillars, and under

(EM KS

.^^ HI

Pig. 15. Paraffin Wax Tank.

them are placed the filter presses employed to press the

frozen oil. For a fuller account, a paper by Mr. George

Beilby in the Journal of the Society of Chemical Industry, 1885,

page 321, may be consulted.

After being cooled and broken up, the frozen oil is

pumped through a filter press, such as is shown in Figure 16.

The oil which passes through is known as blue oil, or heavy

oil, while the sohd paraffin that is left behind in the press is

5
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known as " hard scale ". The method of deaHng with this

scale will be described presently. It is important in the

refining of heavy oils for lubricating that all the solid paraffin

be extracted, or otherwise the specific gravity and setting

point of the oil are much affected. A heavy oil of 0'863 spe-

cific gravity and setting at 42° F. will, after having 10 per cent,

of paraffin removed from it, have its specific gravity raised

to 0'872 and its setting point reduced to 20° ¥., while its

viscosity will be increased. This arises from the fact that

Pig. 16. Oil Filter Press.

solid paraffin when melted or in solution has a specific

gravity of 0"810.

The BLUB OIL. The blue oil, which comes from the

filter presses, usually has a specific gravity of 0'872 and a

setting point of about 30° F., but it will vary according as it

comes from the first cooling or the second cooling. That

from the latter is higher in gravity and lower in setting

point, which usually is about 20° F. In some works the

blue oil is washed with acid and soda and then distilled ; in

others it is distilled first. This seems to be preferable to
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washing it first. During the distillation it is fractionated,

the following fractions being collected :

—

1. 840 oil, which is used for making gas, cleaning, etc.

2. Mineral colza oil, 0'840 to 0'845 specific gravity, em-

ployed as a burning oil.

3. Lubricating oils, 0'865 specific gravity.

4. „ „ 0-875 „

5. „ „ 0-885 „

6. „ „ 0-895 „

The heavier oils will contain some solid paraffin. This is

separated out by refrigerating them, in this case cooling

down to a lower temperature than is employed with the

green oil. The scale obtained is rather softer than is got

from the green oil, and is known as " soft scale ".

Each of the fractions may be subjected to a second dis-

tillation before it is ready to place on the market, so as to

obtain as uniform a quality as possible. Purther, the frac-

tions are washed with acid and soda and then bleached by

exposure to sunlight in shallow tanks under a glass roof.

As regards the special properties of the lubricating oils,

these -will be fully described in the chapter on Oil Test-

ing.

The following details of the properties of the various

grades of Scotch lubricating oils will be found of interest :

—

" 865 " Oil. Light yellow in colour, with a violet-blue fluorescence.

Specific gravity at 60° F. . . . 0-871

„ 212° P.

Viscosity at 70° P. .

„ 100° P. .

„ 120° P. .

„ „ 150° P. .

Vaporising temperature .

Plash point

Pire test....

0-816

27

18

16

14

178° P.

318° P.

382° P.
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" 875 " Oil. Colour, a pale yellow with violet-blue fluorescence

Specific gravity at 60° F. . . . 0-877

„ „ 212° F. . . . 0-817
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The usual grades of Scotch lubricating oils are given

above. Generally, it may be said that they are of good

quality, possess good flash points, which vary of course with

the gravity of the oil, and have a good viscosity. They are

very serviceable for lubricating all kinds of light-running

machinery, shafting, etc., and are much employed for that

purpose. See the chapters on Oil Testing and Lubrication.

The lubricating oils obtained from Scotch shale consist

chiefly, perhaps to the extent of 80 or 90 per cent., of the

higher members of the olefin series of hydrocarbons.

Usually the higher members of the paraffin hydrocarbons

have very little lubricating power, and the smaller the pro-

portion of them the better is the quality of the oil produced.

The PAEAFFIN SCALE is refined into paraffin wax of

various melting points. One method of working is to

dissolve the crude scale in naphtha, using as little as possible,

then by cooling crystallising out the solid paraffin and

separating it by pressure either in a filter press, or more

commonly by an hydraulic press. This process is repeated

several times to get the oil out of the paraffin, and so improve

its melting point and colour. Sometimes the solution of the

wax in naphtha is filtered through ground charcoal, or

Fuller's earth, or ground spent shale, to take out the colour-

ing matter. By steaming the solvent may be removed from

the wax. Preliminary treatments with sulphuric acid and

with soda have been given to the scale, but in such cases it

is needful to remove by careful washing any acid or soda

which may have been used.

The following diagram given by Tervet, Journal of the

Society of Chemical Industry, 1887, p. 356, shows the general

scheme of working the naphtha process of scale refining :

—
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DIAGRAM OF PARAFFIN WAX REFINING.

Naphtha Process.

Scale.

-Mixed with drippings and naphtha.

Cooled and pressed.

I

I

Onee washed scale.

Treated with naphtha.

Cooled and pressed.

I

Drippings.
I

Scale,

M.P. 120° to
150° F.

Drippings.

I

Mixed with other drippings

—

^-

and soft scale.

I

Cooled and pressed.

\__
Once washed

soft scale.

Naphtha added.

I

Cooled and pressed.

I

Drippings.

Naphtha distilled

off.

Residue cooled
and pressed.

I

Drippings.
I

Soft scale,

M.P. 110° to

115° F.

I

Oil. Soft scale.

Paraffin scale is a mixture of oily and solid paraffins of

various melting points. The following table given by Tervet,

loc. cit., gives the melting points of various scales and waxes

which have been separated into 5 per cent, fractions :

—

ANALYSES OP PARAFFIN SCALES AND WAXES.

Melting points of 5 per cent, fractions in degrees F. :

—

n-action.
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from which it will be seen that there is a wide difference in

the melting points between the lowest and highest in each

product. Assuming that the crude scale is simply a

mechanical mixture of paraffins of various melting points, it

might be considered that, by keeping the scale for some time

at a low temperature, the lower melting point paraffins

would be melted out, leaving the higher melting point

paraffins behind. This is really the case within certain

limits, and processes have been devised taking advantage of

this fact ; these processes being known as " sweating

"

processes. There are various ways of carrying out a sweating

process for refining paraffin scale. Among those which have

achieved any practical success are the following :

—

Tervet employs an apparatus (Figure 17) which consists

of two portions ; the upper is a cooler consisting of a tall, but

narrow, iron cistern—in this the paraffin is cooled down. It

is then transferred to a sweating cell, which is formed of

cloth supported by wire gauze. This cell is made large

enough to hold three blocks of paraffin as they come from

the coolers. These cells are placed in a room, which can be

heated to any desired temperature by means of steam pipes.

Owing to the heat, the oil and light paraffins in the block

are melted out, and flow away through suitable pipes to a

tank placed to receive them. It takes about four hours to

sweat out the oil, etc. Bach block of paraffin passes down

into each division of the sweating cell, and as it passes down

is subjected to a higher temperature, so that at each stage it

gets more paraffin of low melting point taken out. In the

first two cells some 35 per cent, of the original scale or wax
will be taken out, while in the third cell some 10 per cent.

more is taken out. The process can be regulated with great

nicety. From a scale which melts at from 112° to 114° F.,

a wax melting at 126° F. can be readily obtained. The

drippings which come out during the process are collected
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and subjected to a cooling and a second sweating at rather

lower temperatures, so that a wax of lower melting point is

obtained; while' finally all the oil which is obtained is sent

=:«H^:,

V-.

-^r.

:i^

.^
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Pig. 17. Paraffin Scale Apparatus.

into the blue oil to be treated along with that material for

lubricating oil.

Henderson's sweating process is carried out by placing
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the solidified paraffin in metal trays in a warm chamber,

heated by steam pipes to the proper degree ; the melted

portions or drippings run out of apertures at the end of the

"tray, and away out through suitable pipes. By careful

regulation of the temperature of the chamber, the process

may be carried on with great success, and wax of any required

melting point obtained.

Usually four grades of wax are manufactured ; the best

has a melting point of 120° to 125° F. ; the second of 115° to

120° P. ; the third of 110° to 115° F. ; and the fourth of

100° F.

The proportion of the various quahties of wax which are

obtained is approximately as follows : 10 per cent, of 100° to

110° F., 18 per cent, of 110° to 115° F., 42 per cent, of 115° to

.120° F., and 29 per cent, of 120° to 125° F. wax.

Paraffin wax consists of the higher members of the

paraffin series of hydrocarbons. By a series of fractional

distillations under a vacuum it is possible to separate the

wax into fractions of different boiling points, and then by

•crystallisation from alcohol to obtain pure products. Work-

ing in this way Krafft has obtained, from a crude wax melting

at 86° to 96° F., the following series of hydrocarbons, and

determined their melting point, specific gravity and boiling

point under a vacuum of about half an inch :

—

Paraffin.
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has isolated a paraffin melting at 176° F. from wax, and Gill

and Meusel have obtained cerotic acid by oxidation from a

wax melting at 133° F., which must therefore have contained

the hydrocarbon Oj^Hgg.

Below will be found some statistics as to the Scotch

Paraffin-Oil Industry, and the products which are obtained.

STATISTICS OP THE SCOTCH SHALE OIL INDUSTEY.

PROGRESS OP THE INDUSTRY.
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PRODUCTS AND YIELDS PEOM SCOTCH SHALE OIL.

Given in percentage of the Crude Oil.

Products.



CHAPTEE IV.

PETROLEUM.

Petroleum, which -woril is derived from two Greek words

—

petros, a rock, and oleum, oil ; in other words, rock-oil—has

long been known. If is found very widely diffused through-

out the earth, in small quantities in some places, in extra-

ordinary abundance in others. In some localities it has

been known for centuries. At Zante, in the Ionian Isles,

petroleum was found and was referred to by Herodotus,

who flourished about 430 e.g. This deposit of petroleum is

Tised even now locally. It is found in some quantity in

Sicily ; of this Plato makes mention. At Ecbatana, in

Persia, petroleum is found, and of this Plato mentions that

he saw it on fire. In Prance the deposit which occurs at

Clermont and Glebian, in the department of Languedoc,

has been known and used for centuries. The deposits of

hquid naphtha near Baku, on the shores of the Caspian Sea,

have been known for a long period, but it is only during

recent years that their extraordinary abundance has been

known and developed. The deposits of petroleum in Bur-

mah have been known for centuries, and formed the first

source of petroleum imported into this country. The impor-

tation was however soon stopped in consequence of the

much greater supply at cheaper rates from America. In

England petroleum has been found in small quantities in

many localities. In 1847 a supply was found at-Alfreton, in

(76)
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Derbyshire, by Dr. Lyon Playfair, and was worked for a

short time by James Young, of Scotch paraffin fame. At

Ormskirk, in Lancashire, and in the coal mines in Northum-

berland, petroleum is to be found in exceedingly small

deposits. Blaterite, a peculiar mineral found in an ancient

lead mine in Derbyshire, is closely allied to petroleum in its

composition. In Gloucestershire there are deposits of petro-

leum which are used locally. In California and Canada

deposits of no small extent are met with. In the Argentine

Eepublic, at Jujuy and Mandese, are lakes of asphalt, which

is closely allied to petroleum ; while in Trinidad is a cele-

brated pitch lake of some 99 acres in extent. The rise of

the modern development in the use of petroleum may be

ascribed to the discovery in North America by Colonel

Drake, in 1858, of the rich American deposits ; although

prior to this the American Indians were acquainted with the

use of seneca oil (crude petroleum) and used it chiefly for

medicinal, purposes. Since the discovery, the American

petroleum industry has gone up by leaps and bounds, and

now oil wells are met with over a fairly large extent of the

United States—in Kentucky, New York, Michigan, Indiana,

Tennessee, Colorado—the principal regions being Ohio and

Pennsylvania.

The commercial petroleum oils met with in this country

come almost' exclusively from two sources. North America,

and the Caspian Sea, and it is chiefly these oils that will be

dealt with in this work. Brief references may however be

made to other varieties of petroleum.

GEOLOGY OF PETEOLEUM.

Comparatively little is known concerning the conditions

of formation and of the character of the rocks in which

petroleum is found. In different localities even in America,

much is yet to be learnt concermng the age of the rocks and
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the manner and formation of petroleum. So far as is known
at the present time, petroleum is found in rocks of very

different geological periods of time. In this respect it

appears to differ materially from coal, which is found only

in rocks of the carboniferous period. There are even

reasons for thinking that the present deposits of petroleum

have not been formed in situ, but have filtered from other

localities into the present position of the deposits.

The general rule in Pennsylvania, New York, Ohio,

Indiana and Canada is that they are stored in porous sand-

stones or limestones where the rocks have been gently

folded into anticlinal ridges, or where, if there is a small and

general dip of the strata, the dip is for a space interrupted,

forming a shelf of more nearly horizontal rock, after which

the strata resume their normal gentle dip.

If we trace out the underground range of these petro-

leum-bearing beds beyond the areas in which thej' are now
productive, we find that they rise towards the surface and

actually crop out there, but the gas and oil which they may
have once contained at that out-crop have long since been

lost. Like other porous rocks in such areas, they now con-

tain water. It is the pressure of the water from the out-

crop and the higher areas of the porous rock acting along

and down the dip which accounts for the pressure which is

met with in the gas and petroleum wells within the produc-

tive areas. When the porous bed containing gas or petro-

leum is tapped by a borehole, the contents are forced up by

the pressure of the water from the out-crop, and the pressure

depends upon the relation between the level of the out-crop

and the point at which the porous bed is tapped. In fact,

the condition of things somewhat resembles that so well

known in the case of artesian wells.

Every richly productive gas field, at least in the eastern

States and, Canada, is a dome or inverted trough formed by
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flexure of the rocky strata ; and in every such dome or in-

verted trough there is a porous stratum (sandstone in Penn-

sylvania, and coarse-grained magnesian sandstone in Ohio

and Indiana) overlain by impervious shales. These domes

or arches vary in size, from a few square miles in some of the

Pennsylvanian areas to 2600 square miles in the great Indiana

field. Within each gas-charged dome there are found three

or more substances arranged in the order of their weight

:

gas on the top, naphtha (if it exists on the field) and petro-

leum below, and finally water, which is generally salt, and

which sometimes has a strong and peculiar, bitter taste. This

order is invariable throughout each field, whatever its area,

although in Indiana at least the oils are found more abun-

dantly about the springing of each arch, while towards its

crown gas immediately overlies brine, and the absolute alti-

tude of the summit-level of each substance is generally uni-

form, whatever the depth beneath the surface. Since the

volume of gas or oil accumulated in any field evidently de-

pends on the area and height of the dome in which it is

confined, and upon the porosity and thickness of rock in

which it is contained, the productiveness of a given find may

be definitely predicted after the structure and texture of the

rocks have been ascertained.

In all productive fields the gas and oil are confined under

greater or less pressure. When a gas well is closed, it is

commonly found that the pressure at the well head gradually

increases through a period varying from a few seconds in the

largest wells to several minutes or even hours in wells of

feeble flow, and after that the pressure gauge becomes sta-

tionary. This is the confined pressure, "closed pressure,"

or " rock pressure " of the prospector, or more properly the

static pressure. When a well is open and the gas escapes

freely into the air, it is found that if the stem of a mercurial

or steam gauge is introduced a certain constant pressure is



80 LUBEICATING OILS.

indicated. This is the " open pressure " or " flow pressure
""

of the gas expert, and the capacity of the well may be de-

termined from it. The static pressure varies in different

fields. In Indiana it ranges from 300 to 350 lbs. per square

inch, in the Findlay field it is from 450 to 500 lbs., and in

the Pennsylvania field it varies from 500 to 900 lbs.

The cause of this enormous pressure is readily seen in

Indiana. The Cincinnati arch (in which the gas of the great

Indiana field is accumulated) is substantially a dome, about

50 miles across, rising in the centre of a stratigraphic basin

fully 500 miles in average diameter. Throughout this im-

mense basin the waters falling on the surface are in part

absorbed into the rocks and conveyed towards its centre,

where a strong artesian flow of water would prevail were the

difference in altitude greater ; and the light hydrocarbons

floating upon the surface of this ground water are driven into

the dome and there subjected to hydrostatic pressure equal

to the weight of a column of water, whose height is the

difference in altitude between the water surface within the

dome and the land surface of the catchment area about the

rim of the enclosing basin. Accordingly the static pressure

is independent of the absolute altitude of the gas rock and of

its depth beneath the surface, except in so far as these are

involved in the relative altitudes of the gas rock and a catch-

ment area perhaps scores oi even hundreds of miles distant.

Gas pressure and oil pressure may therefore be estimated in

any given case as readily and reliably as artesian water

pressure ; bnt while the water pressure is measured approxi-

mately by the difference in altitude between catchment area

and well head, that of gas is measured approximately by the

difference in altitude between catchment area and gas rock,

and that of oil is measured by the same difference minus the

weight of a column of oil equal to the depth of the well.

It follows that the static pressure of gas (as indicated on the
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surface) is always greater than that of oil, particularly in

deep wells. It follows also that the pressure, whether of gas

or of oil, is not only constant throughout each field, but

diminishes but slightly, if at all, on the tapping of the reser-

voir, until the supply is exhausted, and hence that pressure

is no indication of either abundance or permanence of

supply.

The early history of Canadian petroleum is of some

interest to us, inasmuch as Dr. T. Sterry Hunt, who has

studied the subject, was perhaps the first geologist who

clearly understood the true geological history of American

petroleum. He showed (1) that the oil was produced in or

near to the beds in which it is found by the decomposition

of the vegetable or animal remains
; (2) that the porosity of

the sandstones or limestones is suf&cieot to account for the

great stores of petroleum which they contain; (3) that petro-

leum and gas mainly occur along anticlinal lines.

The comparatively simple structure of the petroleum

region here described does not obtain all over the world.

Often the strata in which oil occurs dip at right angles, or

they have been very sharply folded and broken, the denuded

edges of the petroleum-bearing bed being exposed at the

surface. In such cases the yield of wells is comparatively

small, there being little or no artesian pressure to force up

the oil. Such regions rarely now contain much gas.

Although there is much variety of geological structure

in the petroleum-bearing regions, we find that there is

frequently an anticlinal arrangement of the strata, the oil

coming up along the arch.

The following is a synopsis of the different shales and

rocks which furnish the oil supply of North America :

—

1. The black shales of the Cincinnati group afford oil

which accumulates in the fissured stony limestones

of the same group, and supplies the Burkesville

6
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region of Southern Kentucky and Manitoulin

Island, in Lake Huron.

2. The Marcellus shale affords most of the petroleum

which accumulates in the fissured shaly limestones

of the Hamilton group, and thus supplies the On-

tario oil region, locally divided into the Bothwell

District, the Oil Springs District and the Petrolea

District. The Marcellus shale also affords a large

portion of the oil which accumulates in the drift

gravel of the Ontario region.

3. The Gennessee shale, with perhaps some contributions

from the Marcellus shale, affords oil which accumu-

lates in cavities and fissures within itself in some

of the Glasgow regions of Southern Kentucky. It

affords also the oil which accumulates in the sand-

stones of the Portage and Chemung groups in

North-western Pennsylvania and contiguous parts

of Ohio. It affords also the oil which accumulates

in the sandstones of the Waverly Marshall group

in Central Ohio. It affords also that which ac-

cumulates in the mountain limestone of the Glas-

gow region of Kentucky and contiguous parts of

Tennessee, and also some of that which is found in

the drift gravel of the Ontario region.

4. The shaly coals of the false coal measures, aided per-

haps by the Gennessee and Marcellus shales, seem

to afford the oil which assembles in the coal con-

glomerate, as worked in South-western Pennsyl-

vania, West Virginia, Southern Ohio, and the

contiguous but comparatively barren region of

Paint Creek in Kentucky.

From this summary it appears that the principal sup-

plies of petroleum east of the Kocky Mountains have been

generated in four different formations, accumulated in
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nine different formations, and worked in nine different

districts.

The oil rocks of America belong chiefly to two periods

—

Devonian and Silurian—but some belong to the Cretaceous

period.

In Canada the Corniferous Limestone of the Lower
Devonian period is the source of the greatest proportion of

the oil of Canadian origin.

In Egypt petroleum is found at Jebel Zeit, on the western

border of the Eed Sea, on Tertiary Strata, dipping from the

range of older rocks which form the high ground of the

desert.

In India petroleum is found in the Middle or Lower Ter-

tiary rock along the flanks of the Himalayas.

In Burmah the oil is found in the Upper Tertiary Strata

in soft sandy beds and covered by a blue clay situated on

the top of an anticline.

The Baku District of the Caucasus is notable for its pro-

ductiveness, and the rocks yielding the petroleum are found

as the crown of the low anticlinal, which is probably the

eastern continuation of the great Caucasian anticlinal.

The oil is found in various layers of sand, separated by

clay, etc. The surface is occupied by loose sand, while the

rocks below belong to the Later Tertiary period, while lower

still the rocks belong to the Cretaceous and Jurassic ages.

In Roumania petroleum oil is found in the clays an^_

sandstones of the " Paludine beds " of the Miocene age.

In Galicia petroleum is found in the rocks of the Lower-

Eocene age and also in smaller quantity in the Upper Creta-

ceous rocks. The rocks are slightly inclined, the oil being;

chiefly found along anticlinals.

In Hanover and other parts of Germany petroleumi

occurs in the Gault beds of the Jurassic period and also ia

rocks of the Triassic age.
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origin op petroleum.

Many theories have been put forward to account for the

existence and formation of petroleum. Of these but a brief

notice will be given.

Some geologists consider that it has been formed from

deposits of sea-weeds, arguing from the fact that it is often

found in limestone rocks, which contain the remains of

ocean life. From the marine plants the petroleum has been

formed much in the same way as coal has been formed from

the remains of land plants.

Berthelot has promulgated a very different theory. He
considers that in the interior of the earth alkali metals are

present in the free condition; these acted on by carbonic

acid give rise to acetyledes, which when subjected to the

action of water give rise to the formation of hydrocarbons.

The objection to this theory is that geologists do not find

the conditions required by M. Berthelot to be present in the

oil regions.

Hoefer has put forward the theory that petroleum is

formed by the decomposition of animal remains. Bngler

lias lately shown that from animal fats, free from nitrogen,

petroleum can be obtained. He also points out that the

absence of nitrogenous products from petroleum is an argu-

ment in favour of the theory, because the nitrogen would

yield products which are insoluble and would be washed away,

while the non-nitrogenous fatty portions are much more

stable bodies. It may be pointed out that the gases that are

found present in all oil regions contain large quantities of

nitrogen with very little oxygen ; this nitrogen may have

been formed by the decomposition of animal matter in a

peculiar manner. This theory of the origin of petroleum

seems to be far the most reasonable.
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CHEMISTRY OF PETBOLEXJM.

Petroleum is essentially a hydrocarbon body of a most

complex composition, which varies very greatly in the petro-

leums obtained from various localities.

While carbon and hydrogen are the essential constitu-

ents, other elements are often present ; those which are

most commonly present being nitrogen, oxygen and sulphur,

while gold and arsenic have been found in small quantities.

The presence of sulphur beyond a small percentage is a

serious disadvantage, owing to a decomposing action it has

on the petroleum, giving rise to the formation of objection-

able products which increase the cost of refining very

greatly. The petroleums from the Lima, Ohio field, from

Canada and California, are notable on account of the sul-

phur they contain.

Schorlemmer, in England, and Cahours, in France, have

analysed American petroleum. The results obtained by

Schorlemmer indicated the presence of the same hydrocar-

bons which are obtained by the distillation of the cannel coal,

while Pelouze and Cahours showed that the distillates were

all homologues of methane, or marsh gas, and belong to

the series of hydrocarbons represented by the formula

CnH^n 4- 2.

Pelouze and Cahours obtained from American petroleum

the following compounds :—
C^He
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About the same time that these investigations were being

made in France, Mr. C. M. Warren was making an ex-

haustive examination in America. In some respects they were

confirmatory. He discovered the same compounds belonging

to the CnHjn + 2 series. In all he succeeded in isolating

fourteen different compounds in considerable quantities,

sufficiently pure to allow of the separate distillation of them

without any material change in the boiling point. These

fourteen compounds he classifies as follows :

—

PiBST Series.
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members of one or both the series of hydrocarbons

(paraf&ns and olefins) that petroleum contains, hydrocarbons

of more than one series. The American variety is almost

entirely composed of the series represented by formula

CnHjn + 2, while the Eangoon, the Caucasian and Galician

varieties contain both series ; the olefins in notable quantity.

As we approach the denser constituents of petroleum, the

analysis becomes more difficult, and the divergency between

the results of different observers is more apparent. It is now
thought that paraffin, which was supposed to be a homo-

geneous body, is a mixture of several homologues, perhaps

isomeric bodies having similar properties, but different

boiling points.

Professor Henry Morton, of the Stevens Institute of

Technology, has made some interesting experiments upon

the " residuum " of the distillation of petroleum. Among
other substances he isolated a compound to which he gave

the name of '" viridine ". He thus speaks of it in his paper

:

" The crude tarry matter is well washed with benzine

(petroleum naphtha), then with alcohol, and is lastly dissolved

in coal tar naphtha (benzole), filtered hot and crystallised

out on cooling. It is then obtained as a mass of very minute

needle-like crystals of a greenish-yellow colour and pearly

lustre in the mass. This I described under the name of

viridine in a paper read before the American Institute in

New York, and drew attention to the remarkable spectrum

which its fluorescent light yielded, and which resembled in a

striking mauner that of anthracene, which the crystalline

forms, solubility and fusing points of the two bodies were

decidedly unlike." Professor Morton also expresses his

belief that the substance does not "exist ready formed in the

petroleum, or even in the petroleum tar, but is, like anthra-

cene, for example, a product of destructive distillation at

something like red heat ".
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Russian petroleum differs markedly from American petro-

leum in its chemical composition. It contains a few of the

lower paraffin hydrocarbons, no solid paraffins, no olefins.

The characteristic hydrocarbons of Eussian petroleum

belong to a series which are isomeric with the olefins,

and having the same general formula, but differing in

their constitution and properties. These have been named

the naphthenes. They are allied to some extent with the

hydrocarbons of coal tar. The lowest member of the series

is the hexanaphthene, CgHij, which may be regarded as

hexahydrobenzene . The following table give s the naphthenes

that are already known :

—

TABLE OP NAPHTHENES.

Formula.
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The properties and constituents of crude petroleum vary

very considerably. Some are almost colourless, limpid

liquids of low specific gravities ; others are heavy, dark-look-

ing oils, while the crude ozokerite represents the extreme

end of the scale by being a dark solid body. Variations are

even met with in contiguous or adjacent wells—especially is

this the case in the Caucasian oil fields.

Commercial petroleum oil is refined into four chief

products :
—

1. Naphthas, light limpid liquids, used chiefly as

solvents for various purposes.

2. Burning oils, liquids varying in specific gravity from

0805 to 0'830, used for illuminating purposes.

3. Lubricating oils of various grades.

4. Solid paraffins largely employed in candle-making.

The proportion of these various groups, obtained

from the crude material, varies with different

varieties of petroleum.

The following details concerning the appearance and

composition of various petroleums are of interest :

—

COMPOSITION OF CRUDE PETEOLEUM.

1. Kangoon Oil. Specific Gravity, 0'885.

Illuminating Oil—Specific Gravity, 0'

Lubricating Oil ....
Paraffin M.P., 60° G. .

Tar

Gas, and Loss ....

830 40-705 per cent.

40-999

6-071

4-605

7-62

2. EnnisMUen. Canada. Dark Brown.

Naphtha—Specific Gravity, 0-794 . . .20 per cent.

Illuminating Oil, 0-837 50

Lubricating Oil and Paraffin . . . .22
Tar 5

Carbon . .1
Loss 2



90 LUBRICATING OILS.

3. California. Blackish.

Illuminating Oil, 0-813 .

Lubricating Oil, 0-921

Pitch ....
Water ....

Specific Gravity, 0-927.

. 38 per cent.

. . 48 „

. 10 „

. . . 4 „

i, Barbadoes Tar.

Water 5 per cent.

Crude Oil, 0-912 50 „

Gave 80 per cent, of Pale Sweet Oil, 0-908.

Crude Oil, 0-27 40 „

Gave 60 per cent. Dark Oil, 0-918.

Coke 5 „

5.;|,Pennsylvania. Dark greenish, strong but not unpleasant odour.

Specific Gravity, 0-802.

Naphtha, 0-735 14-7 per cent.

Burning, 0-820 41-0

Lubricating Oil 39-4

Parafan 2-0

Coke 2-1

Loss 0-8

6. Canada. Dark brown, odour strong alliaceous. Specific Gravity, 0-823.

Naphtha, 0-735

Burning, 0-820

Lubricating Oil

Paraffin

Coke

Loss

12-5 per cent.

85-8

43-7

3-0

3-2

1-8

7. Tarentum, Pennsylvania. Dark greenish, faint pleasant odour.

Specific Gravity, 0-820.

Naphtha, 0-723
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The following table also shows the difference in composi-

tion of various petroleums in another form. The portion

distilling below 150° C. may be classed as "naphtha," that

between 150° C. and 300° C. as " burning oil," that over as

" lubricating oil ".

COMPOSITION OP CRUDE PETROLEUMS.

District, Colour, Specific Gravity.
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the well, and it is through this iron tube that the petroleum-

flows out (see Figure 19). Very often the force in which

petroleum is stored in the oil sands and rocks is so great as-

PiG. 18. Oil Well Derrick.

to cause the oil to flow out of the tube and often rise to a

very considerable height above the surface of the ground.
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"Cases are on record both in America and Russia where the

force has been so great that it has been found aknost im-

possible to control it, and vast quantities of petroleum have

been run to waste. Accompanying the flow of oil, there is

always a large quantity of gas, some water

and loose sand, for usually the deposits or

rocks in which the oil is found are of a

loose sandy nature. The crude oil as it

comes from the well is run into large

storage tanks, and from thence it is sent

io the refiners either by means of wag-

gons or by means of pipe lines.

EEPINING OP PETEOLETJM OILS.

Crude petroleum is a most complex

substance. It contains the whole range of

paraffin hydrocarbons, from liquid to solid,

olefins, various basic bodies, and in some

cases sulphur compounds. The process of

refining aims at getting rid of the oxygen

compounds, all the basic compounds and

"the sulphur compounds, and obtaining the

paraffin and olefin hydrocarbons in the

finished products. The process adopted

is essentially one of distillation, accom-

panied by certain chemical treatments de-

signed to rid the paraffin of the undesirable

products. The principles of refining petro-

leum are practically identical with those

of refining the Scotch shale oils. The
plant used is very similar in constitution

and much of it is identical, therefore it will not be necessary

±o describe it all in detail.

The exact details of the methods followed depend largely

Pig. 19. Oil Well.
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on the character of the products desired to be obtained from

the petroleum, and also upon the kind of petroleum being

treated. Thus, while in the main the general principles of

refining American and Russian petroleum are identical, the-

details are varied to suit the difference in the composition of

the raw material ; then again, there are some differences in

the mode of treating American petroleum, according to the

character of the products to be obtained from it.

REPINING AMEEICAN PETROLEUM.

There are two methods followed in refining American

petroleum, according as to whether or not it is intended to

make cylinder oils and vaseline from it. To some extent

the refiner is guided by the quality of his crude product.

Thus some petroleums are better adapted for producing

cylinder oils than others ; this is notably the case with the

oils from Franklin and Lima, and usually such crude oils

are reserved for the manufacture of cylinder oils and

vaseline.

Sometimes the refiners of crude petroleum only carry on

the refining to a certain extent, leaving others to work

beyond that point. This was much more common in the

early days than it is now. The custom has gradually come

about of the refining being conducted in very large works,

capable of dealing with it in every point. Comparatively

speaking, petroleum is divided into five different products :

—

1. Light liquids and naphthas.

2. Kerosene and burning oils.

3. Lubricating oils.

4. Paraf&n wax.

5. Coke.

The process of refining for obtaining these products is

the following : The crude oil as it is received from the wells

or pipe lines is run into large tanks, where it is kept warm
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by means of steam pipes, and allowed to stand for some

time to bring off dirt and solid matter to settle out. The oil

is then run into the still and subjected to distillation. The

construction of the petroleum oil still varies somewhat both

in its shape, mode of setting, and method of working and

size.

soo

GROUND LEVEL

Pig. 20. Cylinder Petroleum Oil Still.

THE STILLS.

The two forms of stills, now almost universally used in

America, are known respectively as the " cheese-box " and

the "cylinder still". Advantages are claimed for both.

The cylinder oil still is perhaps the most economical

of fuel, and is more easily kept in repair, while the
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advantages claimed for the cheese-box over the cylinder still

are lighter gravity, better colour of distillates, and a larger

yield of illuminating oil. The excessive cost of repairs in

the brickwork and bottoms is a strong inducement to the

refiner to adopt stills of the cyHnder pattern, and the former

are being torn dov^n and replaced by the latter. Cylinder

stills rarely exceed a capacity of 600 barrels, while some

cheese-box stills have been built to contain 3500 barrels.

THE OYLINDEE, STILL.

The cylinder still is represented in Figure 20. They are

frequently set in banks of two or more, there being

considerable economy in thus placing them. They are

12 feet 6 inches in diameter and 30 feet in length. The

capacity of this still is 600 barrels. A drum-shaped dome

is usually placed in the centre of the top of the still, from

which proceeds a 15-inch wrought iron pipe, connecting

it with the condensing apparatus to be described further

on. It will be noticed that the brickwork only extends

to the centre of the still, the upper half being left wholly

uncovered, or covered with a sheathing of thin sheet iron.

This arrangement of the brickwork admits of the modern

method of distillation being carried on, in which the

process of " cracking " is an important feature.

THE CHEESE-BOX STILL.

This still is shown by Figures 21 and 22. It is 30 feet

in diameter and 10 feet in height. It is supported by

circular brickwork in which are built seventeen fireplaces,

all communicating with a central flue. The bottom has a

double curvature. The discharge pipe of the still enters

on the side. On the inside is a swing joint suspended

by a chain wound round a shaft which is operated from

the outside of the still. By revolving the shaft the pipe can
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either be raised or lowered to the bottom of the still. From
the top of this projects three pipes, each connecting with

a drum stretching across the whole diameter of the still.

From this drum proceed forty 3-inch pipes leading into

the condensing tanks. In some stills of both patterns, at

the point where the vapours pass into the drums, a

perforated steam pipe is placed. This is only employed

Fig. 21. Clieese-box Oil Still.

during the " cracking " process, and is thought to greatly

improve the quality of the oils, both in respect to colour

and gravity, although the arrangement is not to be found in

many refineries.

Both forms of these stills are provided with manholes,

for the double purpose of allowing the workmen to enter
7
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and clean them, and occasionally to inspect their condition.

One is placed upon the top of the still, a second near the

bottom plate which allows the refuse coke to be conveniently

thrown out. The covers to these are generally fastened

in their places by means of screw bolts and nuts. Many
of the most expert and careful refiners use pyrometers

SECTION q^ UNDERGROUND

FLUE

SCALE OF INCHES

Z* B^. 48 72 36 120

Pig. 22. Clieese-box Petroleum Oil Still.

in their stills ; they are often of great assistance both

to the firemen and the distiller. The large size stills are

built of the best quality of boiler iron, of f or yV inch thick-

ness securely caulked. The bottoms are of steel of the

same thickness. The increased expense in the use of
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steel for the bottoms is more than compensated for by

their greater durability and safety.

Both forms of stills are usually provided with steam

pipes, both closed and perforated. The steam issuing in

jets from the perforated pipe has been found to facilitate

distillation by carrying over mechanically the oil vapours.

Methods of continuous distillation, such as have been

described on page 58 as used in the shale oil industry,

have been tried for the distillation of petroleum, but

have not come into much use.

The distillation of petroleum is a fractional one, but the

number of the fractions which are produced varies somewhat

according to the character of the products which it is desired

to produce, and often to the local circumstances of the

refiner, and the kind of products which he can sell best. As

stated previously, in some cases the refiner only carries on

the distillation to a particular point, leaving to others the

further treatment.

The simplest process of oil refining consists in the

fractionation into three products—1st, Naphtha ; 2nd, Ker-

osene ; 3rd, Residuum. The petroleum is distilled by fire

heat, or by the combined aid of fire heat and superheated,

steam.

The first distillate to come over is the naphtha or benzine..

From time to time the specific gravity is ascertained, and

when that has reached 0'760 to 0"780 the current of the

distillate is changed, and now flows into the oil tank, for

what now comes over is classed as kerosene or burning

oil.

The quantity of this or the extent to which the distilla-

tion is carried varies with different refiners, but the distilla-

tion is usually stopped when the specific gravity of the

distillate reaches 0"84 to 0'85, although sometimes lighter

distillates are collected. What remains behind in the still is
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a thick, tarry mass, commonly known as "residuum".

This is subsequently treated for lubricating oils.

The vapours of the distillates as they pass over from the

stills are passed through a condensing arrangement, which

usually takes the form of a worm pipe placed in a large tank,

through which cold water is allowed to flow. This arrange-

ment is shown in Figure 23 attached to a cylinder still. This

condensing arrangement is found to work exceedingly well.

For the lighter products it is sufficient to keep a flow of cold

water through the tank round the worm ; for the intermediate

Pig. 23. Still and Condenser.

products water is not necessary, while for the heavier

products obtained from the residuum, it is occasionally

necessary to run hot water through the tank, with the object

of preventing the solidification of the paraffin in the worm.

To separate the various fractions as they flow from the

condenser an ingenious arrangement known as the monitor,

shown in Figures 24 and 25, is used. As will be seen from the

drawings, this consists of a circular vessel, into the bottom of

which is fitted a number of exit pipes which communicate

with the different tanks in which the distillates are collected.
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Near the top is the pipe through which the products flow

from the condenser. Inside this vessel is another which is

made to revolve round a central spindle by means of a lever

placed on the outside of the monitor, as shown. In this

inside vessel there is a single aperture which can be brought

in turn over the exit pipes in the' bottom of the outer

vessel. The distillates flow into the inner vessel, and thence

out of the aperture into the exit pipe over which the aperture

Pig. 24. Monitor or Oil Separator.

may be placed. When the direction of the flow is required

to be changed, it suffices to turn the inner vessel round until

the aperture is over the pipe communicating with the proper

vessel. The top of the monitor is covered in with a cover

containing glazed openings to see how much to turn the

inner vessel to send the current of distillate in the proper

direction.
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Sometimes the fractionation is carried on to a much

greater extent than in the above scheme, and the following

distillates are obtained :

—

1. Light naphtha having the specific gravity of 0'705 to

0'710. This is subsequently refined into a number

of products such as cymogen, rhigolene, gasoUne,

light and heavy naphthas.

2. Heavy naphtha having a specific gravity from 0'705

Fig. 25. Monitor or Oil Separator.

to 0744, which also is subsequently refined into

naphthas and benzines.

3. Extra heavy naphtha, the portion of the distillate

ranging from 0744 to 0"765. Used for a variety of

purposes.

4. Water-white oil. Eange, 0-765 to 0-795. Eefined

into burning oils.

5. Distillates from 0-795 to 0-825 used in preparing high

flash point burning oils.
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6. The distillate from 0"825, until it becomes brown, is

used as gas oils.

7. Eesiduum.

The yield of products from the petroleum depends prac-

tically upon the composition of the crude oil, but it also

depends upon the manner of distilling. If the distillation is

carried on rapidly, it is found that the proportion of distillates

is small, and that of the residuum large. On the other

hand, if the still is built tall, and the distillation is carried on

slowly, then the proportion of residuum is decreased, while

that of the distillate is increased. This is due to a phe-

nomenon which is named " cracking," and was accidentally

discovered. It is due to the heat decomposing the heavier

hydrocarbons, and forming in consequence lighter distillates.

When the refiner desires to have a large yield of naphtha

and burning oils, he usually carries on the operation in such

a manner as to bring about this phenomenon of cracking. If,

on the other hand, it is desired to have a large yield of lubri-

cating oils and paraffin wax, then the cracking is avoided as

far as possible. The average yields from petroleum are as

follows :

—

Naphtha, 15 to 16 per cent.

;

Burning oil, 55 per cent.
;

Lubricating oil, 17 to 18 per cent.

;

Paraffin wax, 2 to 3 per cent.

;

while there is some loss in the shape of uncondensed gas and

coke.

The naphthas and burning oils are refined by treating

them with sulphuric acid, caustic soda, and redistillation.

The products which are obtained are ;

—

Cymogen, a very light product, having a specific gravity

of 0'590, which is used chiefly as an ansesthetic.

Ehigolene, which has a specific gravity of 0'625, boiling



104 LUBRICATING OILS.

at about 65° F., is exceedingly volatile, and is

used in ice-making machines and as an anaesthetic.

Gasoline, having a specific gravity of 0"666, used chiefly

for carburetting gas.

Naphtha or benzoline, having a specific gravity of 0'705,

used as a solvent.

Benzine, having a gravity of 0"737, also used as a solvent

in making varnishes and paints.

Kerosihe is refined into burning oils of various grades.

TREATMENT OF RESIDUUM.

This is treated in various ways at different works, but

the following outline will show the main lines on which it is

treated. The residuum is first of all run into a large tank

warmed by means of steam so as to make it fluid, then run

into a still in which it is heated by fire heat alone, or in

some cases fire heat accompanied by superheated steam.

The whole is distilled, the distillate being condensed by means

of a worm condenser, care being taken in the later periods to

avoid the formation in the condensing worm of solid paraf&n.

There is obtained a light distillate containing solid paraflin,

and a residue of coke is left behind in the still. The dis-

tilled oil is next treated with sulphuric acid and caustic soda

in an upright iron vessel fitted with an agitator.

The distillate after being washed with the acid and soda

is transferred to a still, again distilled, this titde usually in

three portions :

—

1. Heavy burning oils
;

2. Light lubricating oil and paraffin
;

3. Heavy lubricating oil and paraf&n

;

a residue of coke remaining in the still.

The first fraction is washed with acid and soda and

refined into burning oils of various grades.

The second and third fractions are first subjected to a
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refrigerating process to crystallise out the solid paraffin wax
they contain, which is separated by filtration, while the

liquid oil filtrate is further treated by redistillation, pre-

ceded by washing with acid and soda, and separated into

lubricating oils of various grades, as follows :

—

1. 875 pale oil.

2. 885 pale oil.

3. 903 to 907 pale oil.

4. 910 to 912 pale oil.

These are those usually made, but each refiner has his

own special grades. These oils are comrdonly known in

America as " paraffin oils," in consequence of their being

obtained along with paraffin with distillation.

The properties of these oils, gravities, viscosity, flash and

fire tests, etc., will be described in the chapter on Oil

Testing, while some details are given below.

Of latfe years, very considerable improvements have been

made in the method of refining, a larger yield of oils of 0'885

to 0"910 gravity, with a lesser yield of oils of lower and higher

gravity, being obtained. More paraffin wax is extracted,,

whereby an increase in the flashing point and viscosity of

the oils is brought about.

NATURAL LUBRICATING OILS.

Some of the crude American petroleums, among which

may be named those from Mecca, Ohio, Brie County, Frank-

lin, Grreensburg, Gharlestown, West Virginia, Montecello,

Kentucky, are of such quality that they may be used as

lubricating oils with but little preparation. These oils are

first allowed to settle in tanks, to free them from water and

earthy impurities, when they are heated in open vessels or

in stills by steam heat until they have lost all their lighter

constituents and have been brought to the required degree
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of gravity. These oils are dark in colour ; sometimes, to

reduce this somewhat, they are filtered through char-

coal.

These oils are known in this country under a variety

of names, of which the best known are Summer dark

machinery oil, etc.

PETROLEUM GYLINDEE OILS.

What are 'known as cylinder oils are a class of oils which

vary in consistency from viscid liquids to soft masses of a

buttery consistency, pale brown to almost black in colour,

now very largely used for the lubrication of steam engine

cyhnders ; are products obtained almost exclusively from

American petroleum. In the preparation of these oils the

refiner has to be careful in regard to his crude material,

carefully selecting it, as it is not every variety of petroleum

that yields these cylinder oils. They are produced by two

methods. The first closelj' resembles the one described

above for distilling petroleum. The crude petroleum is

distilled as rapidly as possible with fire heat to get off

the naphtha and the burning oil. When these have come

off the distillation is aided by means of superheated steam,

which carries over with it the heavier portion of the

distillate, and at the same time prevents cracking, and

consequently too much decomposition in the residual

mass. When it is considered that the distillation is

complete the residue in the still is run off, strained to

free it from gritty matters, sometimes refrigerated and

filtered to free it from paraffin wax, after which it is

ready to be sent into commerce as " dark cylinder oil ".

Another method which is practised is to carry on the

distillation in a vacuum whereby the light distillates are

enabled to come over at a much lower temperature than
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under ordinary conditions, so that there is not that

decomposition of the product which sometimes occurs in

the ordinary method of distiUing. By a process of filtering

through charcoal the colour of the product is greatly

reduced in intensity. Such oils are known as " filtered " or

" extra filtered " oils.

These cylinder oils vary in specific gravity from 0-888

to 0'905
; their flash points are usually over 500° F., and

they have a very high degree of viscosity at 100° F., but

become more fluid at higher temperatures. They appear

to owe their consistency to the presence of uncrystallisable

members of the paraffin and olefin series of hydrocar-

bons. These have not been isolated. Some further

details concerning these oils will be found in another

section.

Similar products to the cylinder oils and practically

obtained from them by repeated filtration through charcoal,

are the bodies known as vaseline and petroleum jelly,

largely used for medicinal purposes.

During the distillation of the cylinder oils there are

obtained naphthas, burning oils, and lubricating oils. It

is well known that these products are somewhat different

from the lubricating oils obtained from the ordinary method

of distilling residuum. They are lighter in specific gravity,

ranging from 0-870 to 0-905, have a higher flashing point,

and a higher viscosity. They are known in America as

'neutral oils" ; in England they are mostly used for the

lubrication of spindles of textile spinning frames. These

oils are known here under a variety of fancy names, the

usual grades being 0-865, 0-872, 0-892. Details will be

found in the chapter on Oil Testing.



108 LTJBEICATING OILS.

PROPERTIES OP AMERICAN PETROLEUM.
LUBRICATING OILS.

Grade and Brand.
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consists essentially in one of distilling with chemical treat-

ment. The chemical treatment very often cannot be carried

to the same extent as is done with the American petroleum,

especially the process of operating with acid, on account

of the fact that the naphthenes of the Eussian oil are more

acted upon than the corresponding paraffins and olefins of

the American oil. The distillation, again, cannot be carried

on with the aid of fire heat alone, inasmuch as a consider-

Pis. 26. Bussian Petroleum Oil Refining Plant.

able amount of decomposition occurs, which is owing

to the vapours being heavy and tending to flow back into

the still. The distillation is carried on by the combined

aid of fire heat and superheated steam, the latter acting

more or less to conduct the vapours of the oil out of the

still. A form of plant largely used in refining Eussian

petroleum is shown in Figure 26. The following is a list of

the products which are obtained from Eussian petroleum :

—
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1. Gasolines and naphthas. Specific gravity, 0'718 to

0'760 ; flashing under 82° F., forming about 2 per

cent, of the crude oil.

2. Kerosine oils, ranging from 0'760 to 0'860 in gravity,.

flashing at from 82 to 136° F., forming about 38 per

cent, of the crude oil, and refined into various,

grades of burning oils of excellent quality and high

flashing points.

3. Solar oils, having a gravity of 0'860 to 0'875 ; flashing

point, 212° F. ; forming about 15 to 18 per cent, of

the crude oil. This is a good illuminant when pre-

sent in sufficiently large quantities, but is often

mixed with astatki for use as a fuel oil and in gas

making.

4. Lubricating oils, of which usually three grades are

prepared.

(a) Spindle oils. Gravity, 0-892 to 0-896; flashing at

310 to 330° F. ; forming 12 to 13 per cent, of the

crude oil. These give very good results when used

for lubricating textile spinning spindles provided

the rate of revolution is not too high.

(6) Machine oils. Gravity, 0906 to 0-908; flashing at

about 340 to 350° F. ; forming 27 to 28 per cent, of

the product.

(c) Cylinder oils. Specific gravity, 0-911 to 0-912; flash-

ing at about 390 to 400° F. ; forming 4 to 5 per cent,

of the crude oil. These work well for heavy shaft-

ing and engine shafts and are largely used for that

purpose.

5. Tar—or, as it is known in Eussia, "astatki"—the

residuum left in the still, and forming 14 to 17 per

cent, of the crude oil. This is used as a fuel, for

caulking ships, for briquette making, grease making,

and when mixed with the solar oil (see No. 3) it is.

used for making gas and fuel oil.
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It is rather noticeable that there are no soHd paraf&ns

obtained from Eussian petroleum oils, nor are there any

products at all resembling the American cylinder oils. On
comparing the lubricating oils from Russian petroleum and

those from American petroleum and Scotch shale oil, it will

be noticed that the Kussiaii oils are somewhat higher in vis-

cosity, which however they loose more readily when heated,

while their flash points are lower than the corresponding

oils of the grade from the other sources. The Russian oils

do not deposit any solid paraffin at low temperatures, so that

they are very suitable for use in cold places ; in colour they

are somewhat dark, and redder than Scotch or American oils,

while their characteristic bloom is of a violet-blue tint.

The following table gives some constants relating to the

various grades of Russian oils now made :

—

No. 0.

Specific Gravity at 60° F. .
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No. 2.

Specific Gravity at 60° P 0-890

„ 212° P 0-846

Viscosity at 70° F 94

„ 100° P 40

„ 120° P 28

„ 150° P 20

„ 180° F 16

Vaporising Temperature ..... 195° P.

Plash Point 348° P.

Pire Test 407° P.

Eesiddum.

Specific Gravity at 60° P 0-906

„ „ 212° P 0-861

Viscosity at 70° P 445

„ 100° P 130

„ 120° P 80

„ 150° F 38

„ 180° F 26

Light Mineral Oils are often "bodied up" with

alkaline soaps or metallic oleates. The ordinary soaps are

dehydrated by air and heat, and slowly stirred into the

mineral oils heated to 180° or 200° F. in a steam-jacketed

pan. If dry, the soap is completely assimilated ; if still

hydrated, the remaining water can be driven off by raising

the temperature cautiously above 212°. Four ounces of

soap will cause an ordinary 885 mineral oil to gelatinise at

60° F., and one pound of soap will convert the oil into

grease.

Aluminium oleate is the thickener most used. It is

made by placing 112 pounds of oleic acid into a tub contain-

ing twenty gallons of hot water, and stirring in vigorously in

small quantities a lye of 16| pounds, 77 per cent, caustic

soda, in ten gallons of water. On boihng this mixture,

sodium oleate results. Into a solution of 70 pounds of

alum in 20 gallons of water this sodium oleate is now
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poured, when aluminium oleate separates iu greasy masses,

which are skimmed off and freed of moisture by pressing.

A thickening base is made by heating to 230° F. 112 pounds

of oil with 28 pounds of the aluminium oleate until the

latter is dissolved. The viscous product thus formed is

used for bodying other oil, the mixture being facilitated by a

gentle heat. One-sixteenth part by weight of aluminium

oleate will give to 885 oil the body of a 910 or 915 oil. The

flash point is not altered at all, and the gravity very little.

Aluminium stearate is used for the same purpose, but is

more expensive and troublesome to make. It is prepared

by mixing 112 pounds distilled stearine with 20 or 30

gallons of hot water and slowly adding the lye, as before

described. The whole is boiled to a homogeneous mass,

adding water to give the consistency of cream and make it

flow freely. The sodium stearate solution thus formed is

added to 20 gallons of alum solution (as above), and the

aluminium stearate is skimmed off as it rises and drained

on a filter, when it is ready for use.

Any residual water is driven off in the process of thicken-

ing oils, and the traces of alumina and sodium sulphate

which remain in will precipitate to the bottom of the pan on

standing.

While mentioning this process of thickening or bodying-

up mineral oils, the author does not view the practice with

favour ; it gives a fictitious value to the oils, for it does not

increase the lubricating power at all.

Deblooming Minbeal Oils. The mineral or hydro-

carbon oils possess, as has been noted in their description, a

peculiar bloom or fluorescence which is very persistent. For

the purpose of admixture with animal or vegetable oils, or

for some uses to which they are put, this bloom is undesir-

able. To remove it various means have been tried. The

most successful plan is to use the coal tar products, nitro-

8
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naphthalene, binitro-henzol, and binitro-toluol, the first and

last being the best. The process is simple. The oil to be

debloomed is heated to 150° F. and the deblooming agent

added, the amount ranging from 0'5 for oils with a shght

bloom to 1-5 lb. per 100 lbs. of oil for oils with a heavy

bloom. The nitro product dissolves in the oil and completely

deblooms it. There is no tendency for the bloom to re-

appear, and the process does not appear to have any material

influence on the oil.



CHAPTEE V.

THE VEGETABLE AND ANIMAL OILS AND PATS.

Section A.

INTRODUCTION.

In the bodies of all animals and in some portions of plants

there is always a certain amount of oil or fatty substances,

which may be extracted by suitable means. The proportion

in some cases is very large, but in others is but small.

Many of these oily or fatty bodies are of great value in

trade, medicine, food, etc. It is only needful to mention

a few—butter, tallow, olive oil, lard, sesame oil, almond

oil—that are used for some such purposes as are here

mentioned. The number of these bodies which are known

is very great. Some are used solely for food purposes

—

butter, lard ; others are used in medicine only—almond oil,

cacao, butter ; some may be employed for many purposes

—

olive oil, palm oil, tallow, etc. To deal with all the animal

and vegetable fats and oils is beyond the scope of this book.

Here will be particularly described only those which are

or have been used for lubricating machinery and in the

preparation of lubricating greases and compounds. In

dealing generally with the chemical composition and

properties of the oils and fats, others may be incidentally

referred to.

(116)
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Section B.

chemical composition of fats and oils.

Some of the common properties of the oils and fats

have been pointed out in the introductory chapter, page 2.

The oils and fats now under consideration are a group of

bodies which, notwithstanding their diversity of origin,

are very closely related to one another. From a chemical

point of view there is essentially no point of difference

between an oil and a fat. In ordinary colloquial talk a

fat is a body which at the ordinary temperature is a

solid body hke butter, while an oil is a hquid like sperm

oil. But whether such a body is an oil or a fat is a

question purely of temperature. Thus it happens that in

cold or temperate countries like England butter and

coconut oil are fats, e.g., solid bodies ; while in hot countries

like India and Ceylon they are oils, i.e., liquids. Olive oil

is here an oil, in Iceland or Greenland it is a fat. At

one time it was considered that there was some material

difference between an oil and a fat, but it is now known

that such is not the case.

The foundation of our knowledge of the chemistry of oils

and fats was laid by Chevreul and Liebig in their classic

researches on these bodies, and on this foundation modern

chemists have built a great superstructure of knowledge,,

which is being added to as the years roll by. In this

work English chemists have borne their share. Allen,

Archbutt, Hehner, Wanklyn, Fox and others have

materially helped forward this work, while continental

chemists have also had a good share of the work. There is

still much work remaining to be done, not only in new direc-

tions, but in confirming much of the work and researches

which have been published of late years, and which if

found to be correct will bring about some alterations in
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our conception of the composition of many oils. With

regard to much of the statements that have been made

of late of the constitution of the fatty bodies, it would

be as well to be a little sceptical and await their confir-

mation before accepting them finally ; for this reason,

while the newer ideas and views will be stated in this

book, the older ones will be presented at the same

time.

The vegetable and animal oils and fats have been named

by chemists " Glycerides," because by the processes of

saponification (see farther on) they can all be made to

yield glycerine. The glycerine is not present in the oils

as such, but in the form of the radicle glyceryl, C3H5,

in combination with certain acid bodies, like stearic acid

and oleic acid, which are known as the fatty acids on

account of their occurring in the various oils and fats.

The glyceryl is the base of the oils, while the acids

naturally form the acid constitaent of the oils, which

again belong to the great group of chemical compounds

called "salts" by the chemist, and which are specially

distinguished by being produced by a combination of a

basic body with an acid body.

When an oil or fat is boiled with a solution of caustic

soda or of caustic potash, it undergoes what is called

" saponification ". The stronger base soda or potash

liberates glyceryl and takes its place. The compound

which it then forms with the fatty acid orjfatty acids

of the oil or fat forms the familiar product, soap ; hence

the reason of the term "saponification". The glyceryl

enters into combination with the hydroxyl group of the

alkali and forms glycerine. This change is shown in

the following equations, which show the action of caustic

soda and of caustic potash on typical glycerides :

—
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Olein. Caustic Soda. Sodium Oleatc (Soap). Glycerine.

foH
+ 3Na0H = SNaCjaHs-Oa + CsH.-^ OH

lOH

Linolein. Caiistic Potash. Potassium Linoleate iSlyoerine.

(Soft Soap).

fCigHjiOg
[ OH

+ 3K0H = SKCigHgA + C3H5J0H

lOiaHsxO, [OH

By heating the fat in contact with superheated steam,

a principle which is employed on a large scale for the

manufacture of stearic acid and glycerine, the fat is

decomposed, it takes up the elements of water, undergoes

what is called " hydrolysis," and there is formed free

fatty acids and] glycerine. This reaction is shown in the

following equation :

—

stearin.
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have been found. In order, however, to make some of

the tables complete, some acids are added which are

not found in oils but are members of the same great

families of acids.

I. Acids oi
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state with sufficient definiteness the composition of all the

acids described as having been found in various oils and fats.

Theory, of course, points out that there is a possibility of

isomeric acids existing.

The four lowest members of this series of fat acids, formic,

acetic, propionic, and butyric, are soluble in water, and may
be distilled vdthout decomposition. The next few members

in the series are slightly soluble in water, and may be distilled

in a current of steam, while all above capryllic acid are

insoluble in water, and cannot be distilled with steam. The

fatty acids may therefore be divided into two divisions, one

the " soluble fat acids," which are soluble in water and dis-

tillable in the presence of steam ; the other the " insoluble fat

acids," which are insoluble in water. The lower members,

formic, acetic, propionic, and butyric acids, are liquids whose

boiling points increase with an increase in the number of

carbon atoms in the molecule, while the other acids are

solid bodies of varying consistency whose melting point and

hardness increase with increase in complexity of composition.

The fatty acids are all soluble in alcohol, a property which

distinguishes them from the oils and fats themselves, which

are but sparingly soluble in alcohol. The solution in alcohol

shows a slight acid reaction to litmus. This group of acids

are saturated acids, and have no power of combination vdth

iodine or bromine.

This group of acids have some connection with the paraffin

series of hydrocarbons, inasmuch as by a series of reactions

they can be prepared from them. Thus, for instance, start-

ing with ethane, CgHg, it can by the action of bromine be

converted into ethyl bromide, CjHjBr. By treating this body

with caustic soda, it is converted into ethyl alcohol, ordinary

alcohol, C2H5OH. Alcohol by treatment with oxidising

agents is converted into acetic acid. In a similar manner

the other hydrocarbons of the paraffin series may be con-
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Acid.
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acid, which has eighteen atoms of carbon, is converted into

stearic acid, which has also eighteen atoms of carbon.

Some of the acids of this series combine directly with

sulphuric acid, forming oxy-sulpho acids of the acetic series.

Thus, for instance, oleic acid forms with sulphuric acid

oxy-stearo-sulphuric acid, Ci^Hg^COOH.O.SO^.OH, which is

capable of undergoing hydrolysis and taking up the elements

of water, and is transformed into sulphuric acid and oxy-

stearic acid, C15-H34OHCOOH. This reaction is of interest,

as it probably takes place when soluble oil is made from olive

oil by the action of sulphuric acid.

III. The Lmowc Sebies op Fatty Acids.

Name. Formula.

Oleomargario Acid

Linolic Acid ....
Tariric Acid ....

To these, perhaps, must be added the acid contained in

millet seed oil.

These acids combine readily with iodine and bromine,

taking up four atoms of the halogen per molecule of acid.

They are specially characteristic of drying oils, being found

in linseed, hempseed, and poppy oils. When boiled with an

alkaline solution of potassium permanganate they are con-

verted into hydroxy acids, linolic acid being converted into

sativic acid. They are not elaidinised by means of nitrous

acid.
IV. The LiNOLENic Series of Fatty Acids.

Name. Formula.

Linolenic Acid . ... HCj8H2g02

Isolinolenio Acid . . . HCigHjgOj
Jecoric Acid HCiaHjgOj

These acids have a powerful affinity for iodine and

bromine, taking up six atoms of the halogen per molecule of

acid. They are found in drying oils.

V. EiciNOLEic Semes of Fatty Acids.

Name. Formula.

Eicinoleio Acid....
Eioinisoleio Acid

Bapio Acid ....
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These are hydroxy acids, and are aUied to oleic acid.

They will take up two atoms of iodine or bromine per

molecule of acid. They differ from other fat acids in being

insoluble in petroleum spirit, a property which also extends

to their glycerides. Eicinoleic acid is characteristic of castor

oil, while rapic acid is found in rape oil.

GLYCEEINE, " the sweet spirit of oil," is obtained

from those bodies by the process of saponification with

alkalies, or by the aid of superheated steam. Chemists have

assigned to this compound the name of glycerol, the termina-

tion ol indicating it to have alcoholic properties. Glycerine

is a trihydric alcohol, and is a combination of the organic

. radicle glyceryl, CgHg, with three equivalents of hydroxyl,

OH. Its chemical formula is therefore CgHjCOHjg. It does

not exist as such in the oils and fats ; these are combinations

of the radicle glyceryl with one or more fatty acids. When
these undergo saponification, as shown in the equations on

p. 118, the glyceryl combines with hydroxyl, and is liberated

in tbe form of glycerine.

Glycerine possesses the following properties : It is a

water-white, very viscid liquid, having a specific gravity of

1'2665 at 15° C. It possesses a sweet taste, but no odour. It

can be obtained in the form of colourless crystals. It boils

at 290° C. when pure. The addition of water lowers the

boiling point very sensibly. It is not volatile at the ordinary

temperature, but is so at the boiling point of water, and it

volatilises along with water when a mixture is heated.

Glycerine is strongly hygroscopic, readily absorbing water

from the air, the amount it will absorb often reaching 50 per

cent, of its weight. Glycerine and water will mix in all

proportions, the specific gravity varying in proportion to the

degree of mixture. The following table, due to Skalweit,

gives the specific gravities s^nd refractive indices of various

mixtures of glycerine and water at 15° C. :

—
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TABLE OF SPECIFIC GRAVITIES AND REFRACTIVE INDICES
OF GLYCERINE SOLUTIONS AT 15° C.

Glycerine.
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The refractive index of aqueous solutions of glycerine

also varies -with the strength, as shown in the above table,

and where the quantity available is not sufficient to deter-

mine the specific gravity, this property may be made use

of.

Glycerine is miscible in all proportions with alcohol ; it is

insoluble in ether. It is also insoluble in carbon bisulphide,

chloroform, petroleum spirit, and benzine. A mixture of

two volumes of absolute alcohol and one volume of ether

may be used to separate glycerine from sugars, gums, salts,

etc.

Glycerine is a powerful solvent. On some bodies, e.g.,

iodine, mercury iodide, carbolic acid, it exerts a stronger

solvent action than water.

Glycerine when heated with strong sulphuric acid or

with hydrogen potassium sulphate is decomposed. It suffers

dehydration, and there is formed acrolein, C3H3COII, which

has strong irritating properties. This is, perhaps, the most

characteristic property of glycerine. Heated with caustic

potash, potassium acetate and formate are formed. Glycerine

is easily oxidised, usually with the formation of carbonic acid

and water. Nitric acid forms glyceric acid ; a mixture of

nitric and sulphuric acids forms nitro-glycerine, one of the

most powerful explosives known. Heated with weak aque-

ous solutions of potassium permanganate, glycerine is con-

verted into oxalic acid, on which fact a method for the

estimation of it in waste soap, lyes, fats, etc., has been based.

Full details of this test will be found described in the chapter

on Oil Analysis.

In its chemical properties glycerine is a tribasic alcohol.

It is capable of uniting with acids to form compounds analo-

gous to salts. With monobasic acids like hydrochloric and

acetic acids it forms three different compounds. Thus there

are

—
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Monoclilorohydriii, C3H5(0H)2C1

;

DioMorohydriu, 03H5(OH)Ol2

;

Triohlorohydrin, G3H5CI3

;

and
Monacetin, 03115(011)20211302

;

Diaoetin, C3H50H(02H302)2

;

Triaoetin, C3H5(02H302)3.

The fatty acids are monobasic acids, and they will combine

with glycerine to form three compounds. Thus from oleic

acid we can get

—

Monolein, 03H5(0H)2C,8H3302

;

Diolein, 03H50H(0,8H33O2)2

;

Triolein, O3H5(0i8H33O2)3.

So far as it is at present known, only the tri-compounds

of the fatty acids and glycerine are known to occur in nature.

Allen in his Commercial Organic Analysis, vol. ii., p. 33,

gives the following figures as the proportion of glycerine

which may be extracted from various oils :

—

Bottlenose Sperm Oil

Northern Whale Oil

Porpoise Oil

Menhaden Oil

Lard

Tallow .

Butter Fat

Olive Oil .

Eape Oil .

Sesame Oil

Cotton Seed Oil

Linseed Oil

Castor Oil

Coconut Oil

Palm Nut Oil

Palm Oil .

Japan Wax
Myrtle Wax

3'10 per cent.

11-96 „

11-09 „

11-10 „

10-83 „

10-00 „

11-06 „

11-40 „

9-82 „
9-94 „

9-50 „

9-39 „

9-13 „

12-11 „

11-70 „

9-71 „

11-60 „

12-28 „

It will be seen that the proportion of glycerine which

can be obtained from the common oils and fats is from 10

to 12 per cent.
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Section C.

ocourrence op animal and vegetable oils and fats.

i. animal fats.

In the animal body are comparatively large deposits

of fatty matter. Nearly all the internal organs are covered

with a coat of fat. In and about the joints of the bones

deposits of fat occur. The muscles are also separated

from one another by layers of fat. In some cases these

deposits of fat are of particular note. This is the case with

what is known to anatomists as omentum of animals,

a layer of fatty matter which covers the intestines, known
commonly by various names—"leaf" in the case of the

pig, " skin " in the case of sheep and oxen. The bodies of

whales and seals are covered with a thick layer of fat known
as the " blubber ". The fat occurs in the animal body

enclosed in small cells of animal tissue in a liquid con-

dition, so that it does not interfere with the motions

of the body. It is maintained in this liquid condition by

the natural heat of the body. When the animal dies the

body becomes cold, and the fatty matter sets into a solid

mass, to which circumstance is due the stiffness, or rigor

mortis, of dead bodies.

The purpose of fatty deposits in the animal kingdom

is threefold. First it preserves, especially in the case of

the omentum, the internal organs from injury and serves

to lubricate them in their various motions. It serves as

a store of warmth for the body ; also as a store of food.

2. VEGETABLE OILS AND PATS.

In the vegetable kingdom oils and fats occur in a

variety of ways. All seeds contain oil to a greater or less

extent, some as much as 60 per cent. This oil acts as

a food for the young plant until it reaches such a period

of its growth that it can extract its sustenance from the
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earth. The pulp of certain fruits, e.g., oHves, palm, con-

tains a good deal of oil. The vegetable oils here referred

to are those fixed or fatty oils, and not the essential

oils, to which in many cases any particular odour or taste

of the plant is due.

Section D.

extraction and purification op animal and
vegetable oils and pats.

It is obvious that as the circumstances under which any

particular animal or vegetable oil occurs are so varied the

methods adopted for the purpose of extracting them must be

varied also. A process which will work well with, say, the

fat of the pig, would not suit the blubber of the whale or the

oil from the olive. Space will not permit of a very extended

description of all the processes which have been devised for

the extraction of animal and vegetable oils and fats ; but of

those which are in common use a full description will be

given, while other processes of only special interest will be

noted in outline.

1. ANIMAL PATS AND OILS.

The operation of extracting the animal oils and fats,

such as tallow and lard, is generally known as " rendering ".

It may be carried on in various ways. The principle which

underlies all the methods is that of liberating the fatty

matter from the animal tissue in which it is enveloped

by means of heat. This causes the fatty matter to swell,

and in so doing it bursts the envelope of tissue and is

then ready to flow away. We may carry this operation

out by : 1st, direct heat ; 2nd, boiling in water ; 3rd, steam

under pressure.

Eendeeing by Direct Heat. The housewife renders

her lard or suet by placing the rough fat in a tray or

dish in the oven. It is scarcely possible to adopt quite

so simple a system on the large scale, although one or
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two plans which will be described very closely resemble

the housewife's primitive method.

A simple method occasionally adopted is to heat the

rough fat in a large boiler over the fire. The contents of

the boiler are kept continually stirred, and when it is

considered that the fat has been freed from the tissue,

the fire is withdrawn and the fat drawn off into a separate

receptacle. This method, though simple, is open to several

objections. If great care be not taken there is a liability

to char the fat or tissue, the fat thereby acquiring a

discoloured appearance and a burnt odour. Not only so,

but bad odours are liable to be given off during the

operation which are also objectionable.

A much better plan of rendering fats by dry or direct

heat is illustrated in Figure 27. A large chamber is

built of such a size that a workman can conveniently

enter it. In this are arranged on each side rackwork

shelves placed in an inclined position towards the centre

of the chamber. On the floor of the chamber are a

number of steam pipes for the purpose of heating the

chamber to any required degree. The fat is cut up into

small fragments by means of a mincing machine, and

spread in layers on metallic trays, which in turn are

placed on the shelves in the chamber. At the lower end

of each tray is an opening to permit of any fat running

out into gutters, which are arranged for the piirpose, these

gutters conveying the fat into a storage tank placed in

a suitable position. When all the shelves are filled with

trays of fat the door of the chamber is closed, and steam

sent into the pipes, whereby the chamber is heated to

•from 130° to 140° F. At this heat the fat melts and runs

out. When it is seen that no more fat is being obtained

the steam is stopped, the melted fat in the trays is

allowed to run out and the residual tissue removed,

9
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and the trays filled up for another rendering. As the

residual tissue still contains some 7 or 8 per cent, of

fat, it is sent to another pan for the purpose of ex-

tracting this residual fat. The advantage of this process,

which has been devised by Messrs. Cook & Hall of the

East London Soap Works, is that it yields a fat of very

pure quality. On the other hand, it is rather more costly

to work than some other processes. There is the labour

Fig. 27. Tallow Bendering Chamber.

of mincing the rough fat and filling it into the trays.

The cost of heating the chamber is rather high, while the

yield is not so great. A better price is however obtainable

f(5r the fat.

Messrs. Merryweather & Sons have devised a plant

for the dry rendering of rough fats by superheated steam

whereby the overheating of the fats is avoided. This
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consists of three parts : First, a double-cased or jacketed

boiler in which the fat is heated, the steam being sent

into the space between the two pans ; second, a super-

heater which is heated in a suitable furnace for super-

heating the steam ; and, third, a steam boiler. This

apparatus is very efficient in use. It is shown in Figure

28, where h represents the fat pan ; b, the steam boiler

;

a, the superheater, consisting of a number of f| shaped pipes

in a furnace : d is the steam pipe ; c, chimney. In all

Pig. 28. Merryweather's Pat Rendering Plant.

the dry systems of rendering fats there is left behind

the animal tissue, or, as it is called, the "greaves or

cracklings". With the best system of rendering the fat,

these always contain a certain proportion of fat which it is

desirable from economical motives to recover. This may

be done in several ways.

One of the most common methods of recovering the

fat from greaves is by subjecting them to pressure in

a press. One very convenient press for this purpose is

the Boomer Screw Joint Press.
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A convenient form of this press is made for fat

renderers. It consists of a round table with corrugations,

and provided with a hp from which the pressed fat can

flow. This is supported on a strong iron casting. On the

table is fitted a cask made in two halves working on

a hinge, with the object of enabUng it to be readily

discharged. A plunger connected with the screw gear

fits the cask. The Boomer press has a right- and left-

handed screw, the nuts working on which are connected

with the press plunger ; the revolution of the screw causes

the nuts to travel inwards, and thus by a knuckle joint

force the plunger downwards with some force. The greaves

or cracklings while still hot are placed in the cask and

the press brought into action. The fat is pressed out, while

the residual greaves are collected and sold for dogs' food

or for manure.

Ebndering by Boiling Watee. A very old plan of

rendering tallow is to boil it in an open boiler set in

a fireplace like an ordinary household washing boiler

along with water. The heat of the boiling water causes

the fat to expand and melt and flow from the greaves.

Being lighter than water, it collects on the top of the

boiling water, and should be skimmed off from time to

time. The greaves fall to the bottom of the boiler. Some of

the animal tissue passes into solution, however, and a

little tends io get into the tallow.

This process is simple, but it has the disadvantage

of leading to the production of evil odours which are

objectionable, so that except for treating small lots of fat

it is rarely resorted to, having been largely superseded by

processes for rendering fat with steam under pressure.

Such a boiler is shown in Figure 29, which represents an

improved form of construction. The bottom is double,

and the space thus formed is in communication with
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the outer air. By this means the temperature of the bottom

of the pan never gets too high. The boiler is covered with

a hd, from one portion of which a pipe conveying the

steam, etc., passes into the chimney, thus carrying off

all vapours and preventing nuisance.

Ebndbeing Pats under Pressure by Steam. A
very convenient form of plant for this purpose is shovpn in

Fig. 29. Fat Boiler.

Figure 80. This consists of a steam boiler placed vertically

as shown, and supported on flanges near its upper portion.

The rough fat is fed in through a manhole M, placed on the

top of the boiler, on which also is a safety valve s. In the

bottom is placed a perforated steam coil c, connected with a

steam-pipe and valve v. In the side of the boiler are placed

two gauge or flow-out taps t, k, lower down is placed a large

valve E for running off the melted tallow, while at the

bottom of the boiler is another valve T for running off the

water, etc.



134 LUBEICATING OILS.

This boiler is used in the following manner : The crude

fat is broken up into small pieces, and fed into the boiler

through the manhole, which is then closed. Water is then

run in, and steam at (30 pounds pressure sent in through the

steam coil ; this being continued for five to six hours, the

length of time being regulated according to the amount of

5:1=8:

Pig. 30. Pat Boiler.

charge. When the operation is finished the steam is shut

off, the contents allowed to settle, then before the fat has

time to get solid it is run off from the flow-out taps. If

necessary, water is run in to throw the fat up to the level of

the running-off taps. Some renderers wiU, after turning off

the steam, run off all the contents of the boiler into a tank,
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and there allow the fat to settle out and solidify when it can

be removed.

By-:using such a plant, a larger quantity of fat can be

rendered in a given time ; there is less chance of objection-

igjiiA

Pig. 31. Fat Boiler.

able odours arising, and the yield of rendered fat from the

crude material is better.

The apparatus previously described is constructed to

render the fats at the ordinary pressure, or at all events at
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but slightly increased pressure. By employing boilers

which are constructed to work at a higher pressure, some

advantages are secured ; the nitrogenous tissue is more

completely gelatinised, therefore the fat is better separated

from the tissue, and so a greater yield of better quality is

obtained. Figure 31 represents such an apparatus, which

may be built of any required size ; in some cases they are

constructed of a capacity of 10,000 gallons. As will be seen

from the drawing, it consists of an upright boiler, fitted on

the top with a safety valve, manhole for charging, and a

stuffing box, through which passes the rod of the discharging

orifice or valve. There is a false bottom. Between the two

bottoms is a steam coil connected by valve and pipe with an

ordinary steam boiler. In the bottom is a discharging orifice,

which is kept closed by a plate valve worked by a rod passing

through the top of the boiler. In the side of the boiler is

placed a number of draw-off cocks, extending from near the

bottom to about half way up, while near the top is a testing

cock.

The apparatus is used in the following manner : The

discharging valve is closed, and rough fat is thrown in

through the manhole until the boiler is filled to within about

2i feet from the top. The manhole is then closed, and

steam sent in until a pressure of 45 to 60 pounds is attained.

Generally a good deal of condensation of the steam occurs,

and much water is formed, which collects at the bottom of

the boiler. From time to time the top cock is opened. If hve

steam escapes the boiler is working right ; if however fat

comes out, then it shows that the boiler is too full, and that

water must be drawn off from the lowest cock. This is done

from time to time during the progress of the operation.

After about twelve to fifteen hours' steaming, the steam

supply is cut off, the pressure is relieved by opening the

safety valve, and the contents of the boiler allowed to settle.
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When well settled the water is run off, while the tallow is

run into storage tanks. The aqueous liquor contains a good

deal of nitrogenous matter, and it may be collected and used

as manure. Working with this apparatus, there is a fairly

good yield of fat or tallow from the crude material.

BONE TALLOW.

Bones contain a good deal of fatty matter, which it is

necessary to extract before the bones can be used for other

Fig. 32. Bone Boiler.

purposes. This bone fat, or, as it is commonly called, bone

tallow, is very largely used in making soaps, especially soaps

which are to be used for industrial purposes. The simplest

plan is to adopt a boiling process in open vessels, but such

a plan is open to great objection on account of the nauseous

odours which are developed, therefore it is better to render

bone tallow in closed vessels by steam.
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Such an apparatus for the purpose is shown in Figure 32,

and is constructed by Mr. W. M. Fuller of Birmingham. It

consists of a boiler measuring about 6 feet by 3 feet 6 inches,

fitted with hinged covers at both ends, both of which can be

tightly closed by means of suitable nuts and bolts. There

are also provided steam connections and draw-off cocks.

A charge of about 46 cwts. of bones is put into the boiler

through the upper door, which is then closed. Steam at

about 50 to 60 pounds pressure is then introduced, and kept

up for about forty minutes, when it is shut off ; the excess

steam being run into a condenser. The contents of the

boiler are now allowed to settle for half an hour, when the

fat is run off through a cock at the bottom of the boiler.

The bones are drawn out by opening the bottom of the

boiler and allowing them to drop on the floor. This boiler

extracts more fatty and gelatinous matter out of the bones

than does most other modes of treatment, while the bones

are in a better condition for being converted into manure,

being freer and therefore more friable.

In Figure 33 is shown a complete plant for the boiling and

crushing of bones, as constructed by Mr. Fuller. B is a

crushing mill to break up the bones prior to their being

placed in the bone boilers B, B, the crushed bone being con-

veyed to them by means of elevators, d, d are the tanks to

receive the liquor from the bones, which are passed on to the

crushing and sieving mill F, where they are crushed and

sieved prior to being sent out as bone meal.

Other plans of treating bones have been devised. It is

quite possible that no two bone boiling establishments are

arranged alike in their plant for extracting the fat and

gelatine from bones.

In one works they boil the bones in pans over a fire.

The pans are fitted with covers. Bach pan communicates

by a flue with a large iron condenser, in which all the matter
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which is capable of condensing collects and flows away into

suitable receptacles. Anything which is uncondensed passes

into a flue and away into the atmosphere. It would be

better to conduct all gases to the fireplaces to burn up all

that is combustible.

In another works they use a bottle-shaped boiler, and

heated by steam, both the fat and the gelatine being

recovered.

The processes described above are applicable for the

extraction of all kinds of animal fats, and are those usually

worked. In some cases a special process may be adopted

for special fats ; any such will be found described under their

respective fats.

2. VEGETABLE OILS AND FATS.

There is a greater variety in the methods of extracting

oils and fats from vegetable sources than from animal

sources. The method generally followed is to extract the

oils by pressure, in some cases at the ordinary temperature,

in others at a higher one. Some vegetable fats are

extracted by a process of boiling with water, as in the

case of animal fats, while the property of such bodies

as carbon bisulphide, benzoline, benzol, of readily dissolving

oils; is taken advantage of for obtaining vegetable oils by

a solvent process.

EXTHACTION OP VEGETABLE OiLS BY PbESSTJEB. The

process of extracting vegetable oils by pressure is a very

ancient one, and is the one commonly followed by people

in a low state of civihsation. Like many other methods

it has undergone many changes and developments from

the earliest times to the present. It is not intended here

to enter into a discussion of the changes which have

taken place ; attention will rather be given to the methods

now in use in this country. If any reader desires to know
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something of the older methods he is referred to Chambers's

JEncyclopmdia or to Spon's Dictionary of Engineering.

There are two chief methods of pressing oils in use in

this country ; the oldest is generally known as the English

system, the newest as the Anglo-American system.

The English System of oil pressing takes place in

several stages as follows :

—

First, Crushing.

Second, Grrinding.

Third, Heating.

Fourth, Pressing.

Fifth, Eefining.

The refining of the oil obtained by carrying out the

first four operations is the same as in other processes of

extracting oils, and will be considered later on.

First, Crushing. Prior to being submitted to the various

operations enumerated above, the seed or other material

is first subjected to a cleaning process to free it from

dirt, foreign seeds, etc., which have got into it and which

might interfere with the proper carrying out of the various

operations or with the quality of the oil which is obtained.

These cleansing processes consist essentially of winnowings

and sievings through various sizes of sieves. Even with

all the care that may be taken it is impossible to completely

free oil seeds from all other foreign seeds, so that com-

mercially it is doubtful whether an absolutely pure oil

exists.

The crushing mills consist of an horizontal frame

in which are fixed two rolls ; one of these is about four

feet in diameter, the other one foot in diameter. The
larger roll is the driving roll, the smaller one revolving

by friction against it. The two rolls are caused to press

against one another with some force by m,eans of screws

and springs working against the bearings of the rolls.
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The seed is fed into a hopper which delivers it between

the pair of rolls, in its passage through which it becomes

crushed. A mill will crush about 4 tons of seed in a

working day of 10 hours. It is obvious, however, that the

quantity a mill will do will vary with the kind of seed

and other circumstances. It is usual to run the miU at

such a . speed that the large roll makes 56 revolutions

Fig. 34. Oil Seed GrusMng Mill.

per minute. One of these crushing mills will keep two

ordinary-sized presses at work.

Figure 34 is a drawing of such a mill as described above,

made by Messrs. Eose, Downs & Thompson of the Old

Foundry, Hull, to whom the author is indebted for the

engraving of this and other oil machinery.
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Second, Grinding. After being crushed the seed is thrown

into the hopper of an edge runner grinding mill as shown in

Figure 36, which shows the construction of such mills very

well. An oil crushing mill differs from most other edge

runner mills in having a shallow hopper. The usual

size for the runners is 7 feet in diameter and 16 inches

HTisTKEtim Ri /an nriiT

Fig. 35. Oil Seed Grinding Mill.

thick, and they will weigh 6 to 7 tons. The driving shaft

makes 17 revolutions per minute. One of these edge

runner mills will keep two presses at work. The seed

is ground for a period of twenty to twenty-five minutes.

During the operation care is taken that every part of
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the seed gets efficiently ground, and it is usual to add

from 2 to 3 per cent, of water during the grinding to

moisten it and put the seed in the best condition for

the succeeding operations.

Third, Heating. After being crushed and ground the

seed next undergoes a heating operation. This is now

Pig. 36. Oil Seed Heating Kettle.

done in a large copper steam kettle, shown in Figure 36.

This kettle varies in size according to circumstances,

quantity of seed to be treated, etc. In a large oil mill

the kettle will be 5 feet in diameter and 2 feet 6 inches

deep. They are usually jacketed so that they can be
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heated by steam up to a temperatm-e of 160° to 170°.

There is also an arrangement for sending steam into the

inside of the kettle among the seed which is being

treated. This is very important, as the heating in the

kettle tends to dry the seed, and dry seed does not give

a good yield of oil. The time of heating varies somewhat

according to circumstances, but usually is about twenty

to twenty-five minutes. The kettle is always fitted with

an agitating apparatus to ensure that every portion of

the seed is uniformly heated. One kettle of the dimensions

given above will keep four presses at work capable of

turning out 6 tons of cake in a day.

The previous operations are purely mechanical in their

effects, being designed to get the seed into the best possible

condition for yielding all the oil it contains. The heating

in the kettle has a combined mechanical and chemical

effect. The heating more completely breaks up the cells,

and thus results in a more ready separation of the oil

;

while at the same time it leads to the coagulation of the

albuminous and other matters present in the seed, and

so prevents them from being pressed out along with

the oil. It is the great object in oil pressing to obtain

an oil as free as possible from extraneous vegetable

matters, the presence of v/hich in oil brings about its

decomposition sooner than would otherwise be the case.

Fourth, Pressing. After being heated, the hot seeds

are placed in strong bags made of canvas, the usual

amount in each bag being 8 pounds, or sufficient seed

that after pressing the oil out there remains a cake

weighing 8 pounds. The bags are next enclosed in

woollen covers, and are then wrapped again in what are

called " hairs," which are strong cloths made of horse-

hair. The cakes of seed are now placed between the

plates of the press and subjected to pressure.

10
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Beyond such primitive methods of pressing oil as

have been in existence and still are in use by uncivilised

people, there have been three kinds of press in use :

—

First, Stamper and Wedge Press.

Second, Screw Press.

Third, Hydraulic Press.

The first and second have almost gone out of use, while

now only hydraulic oil presses are made. A few words

descriptive of them will however be useful.

The Stamper and Wedge Press. This old form of oil

press consists of two portions. A cast iron box, long,

narrow, but deep, is provided. At one end is placed a

perforated iron press plate ; against this is put the bag

of seed ; next comes another press plate, followed by a

piece of wood thicker at the bottom than at the top

;

then comes the wedge, followed by a similar piece of

wood to the foregoing. The other end is fitted up in the

same way. Between the two sets is what is known as a

key arrangement, consisting of three pieces, two pieces

thicker at the bottom than the top, with an intermediate

piece, the key, shaped like an inverted wedge. The whole

of this arrangement constitutes one part. The other

portion consists of two hardwood stampers, which can be

made to alternately fall upon the wedges with some force,

thus driving them further in and causing them to press

the seed with some amount of pressure, forcing out the

oil it contains. After falling on the wedge the stamper

is raised up ready for another drop. When it is con-

sidered that all the oil has been extracted, a stamper

is allowed to fall upon the key, which loosens the whole

arrangement so that the bags of pressed seed, the oil

cake as it is now called, can be withdrawn. The oil

flows into a receptacle in the lower portion of the box,

from whence it is transferred to a storage tank. It is
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obvious of course that the production of oil in a stamper

press is a Hmited one. About 12 cwts. per day is a fair

quantity for a stamper press to turn out.

The Screw Press. The screw press for oil has practically

gone out of use, partly because it could not be made strong

enough for the work, and it was awkward to work. It

usually consisted of a circular vessel in which a piston

worked up and down. To the piston was attached a strong

screw worked by a lever. The bags of seed were placed

between the bottom of the vessel and the piston, and the

screw being worked the latter was forced down, thereby

pressing out the oil.

The Hydraulic Press. All other forms of oil presses have

been virtually superseded by the hydraulic oil press, of which

there are several makers. The details of the construction of

the press have undergone many changes since it was first

adopted for oil pressing, and the most modern form is

capable of turning out more work and obtaining better

products than the older ones. It will be more convenient to

defer a description of the hydraulic oil press until an account

of the Anglo-American system is given.

The Anglo-American System of oil pressing was intro-

duced into this country by Messrs. Eose, Downs & Thomp-

son, of Hull, who have, since its introduction, greatly

developed it, and made many improvements on the machinery.

The Anglo-American system requires five operations

—

First, Crushing.

Second, Heating.

Third, Moulding.

Fourth, Pressing.

Fifth, Eefining.

First, Crushing. After the seed has been cleansed, as

mentioned above, p. 141, it is subjected to a crushing opera-

tion, which is given by passing it through a series of heavy
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chilled iron rolls placed in a suitable frame (see Figure 37).

The size and number of these rolls depend upon the quantity

of seed to be dealt with. Some mills have three rolls, others

four, and others five. A very common size is a mill with

five rolls, each 3 ft. 6 in. long by 16 in diameter. Such a

mill will pass through sufficient seed to keep a set of

presses at work capable of turning out 51 to 6 tons of cake

in a working day.

At the top of the mill is a feeding hopper into which the

Fig. 37. Oil Seed Crushing Rolls.

seed to be crushed is placed. From this hopper it is passed

between the first pair of rolls, where it receives its first

crushing. By adhering to the second roll the seed is carried

through between rolls Nos. 2 and 3, and successively between

Nos. 3 and 4 and 4 and 5, receiving a greater crushing each

time. Guides are attached to each roll to ensure that the

seed is carried between each pair of rolls.

Second, Keating. This operation is identical with the

similar operation in the English process described on p. 144.
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Third, Moulding. After the seed has been heated in the

kettle, it is sent into a moulding machine. This machine is

shown in Figure 38. The moulding machine is one of the

novel features of the Anglo-American system. Its object is

to ensure uniformity in the size of the cakes of seed, to

mould it by a gentle pressure into a level cake, so that the

press is not subject to any undue strain due to inequalities in

the cakes, while there is secured a greater output from the

presses and a better yield of oil. The hot seed is allowed to

Fig. 38. Oil Cake Moulding Machine.

fall from the kettle into a measuring box, which always

ensures an uniform quantity of seed being used. A tray

covered with a sheet of woollen cloth is next placed on the

table of the moulding machine and surrounded by a frame.

Into the ^mould thus formed the seed is placed, and formed

into a smooth cake. The tray and its contents are then

pushed under the die of the moulding machine, when a cam

is brought into action, and the die caused to fall upon the

seed and compress it to a thickness of three inches or even
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less ; the pressure being maintained for about half a minute,

when the die rises and the cake of seed is removed and sent

into the hydraulic press. By the use of the moulding

machine a larger number of cakes can be dealt with in the

press at one time. A cake of unpressed seed has a thickness

of about eight inches, while the moulded seed has a thickness

Pig. 39. Hydraulic Oil Press.

of about three inches, and so a press will take rather more

than twice as much moulded seed as unmoulded seed.

Fourth, Pressing. This is the final operation of either the

Anglo-American or the English system, although in either

case the oil after it flows from the press has to undergo a
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refining operation before it can be sent into the market for

sale. The hydraulic press has undergone some changes in

detail since it was first applied to the pressing of oil ; but it

is not intended here to give any historical sketch of these

changes, as space does not admit of it.

Figure 39 shows the latest form of hydraulic press for oil

pressing short of the pumps which are necessary to work

the press. The hydraulic press consists of a very strong

cast-iron foundation, in which works a ram connection with

a strong iron movable plate. This plate moves up and

down between stout iron standards, which also form supports

je Moulds.

lor a very strong iron casting. Between the movable bottom

plate and the top are arranged a number of corrugated iron

plates, which receive the cakes of seed to be pressed.

The cakes of seed as they come from the moulding

machine are placed in a pair of iron covers like a book back

(see Figure 40), and into the press. This does away with the

hairs which were used in the old system, which are very

expensive to use owing to the damage which the press does

to them in breaking them. The press may be made in

various sizes to suit the particular requirements of the oil
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miller, from a small press capable of pressing four cakes at

once to one taking twelve to fourteen cakes.

Two sets of pumps are usually supplied with each press,

one to give a pressure of about 700 to 800 lbs. per square

inch, while the other set will give a pressure of two tons.

At first the lower pressure is applied for about fifteen to

twenty minutes, during which the great bulk of the oil will

flow out. Then the higher pressure is put to complete the

extraction of the oil, which will take a further five to ten

minutes. The oil flows out of the sides of the seed into the

corrugations on the iron plates and into channels which are

provided for it t( > flow away to a storage or receiving tank

placed about the base of the press.

Usually from two to four presses are included in one oil

plant, as the other portions of the plant are quite capable of

keeping more than one press at work.

It is obvious, of course, that the output from the oil press

will vary very considerably owing to the varying size of the

presses and also of the seed which is being pressed. For

while a press can work through five charges per hour of

linseed, it will only do three of rape seed and four of cotton

seed in small size presses. Larger presses, working perhaps

250 to 320 lbs. of seed at one charge, will work through

three to four charges in three hours. The size of the cake

of seed also varies with the size of the press.

As a rule seeds are only passed once through the press,

but there are a few, such as rape and gingelly seed, where

the seed is crushed twice, the cake obtained in the first

pressing being reground and reheated with a little additional

water before being again pressed. Further, what was

originally pressed in two presses is spread in the second

pressing over three presses.

Some oil seeds, castor seeds, cotton seeds, arachis seeds,

etc., have a very hard shell, besides being of large size. It is
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necessary for the better extraction of the oil that the shell or

husk be removed; this is effected by means of a machine

known as a decorticator, the operation being known as

^' decorticating ". Such a mill adapted for the treatment of

castor oil seeds by hand, although they may be made to

work by steam, is shown in Figure 41. These mills have a

pair of revolving cylinders carrying blades fixed at a particular

distance apart, this distance being dependent upon the seed

vs^hich is being treated, castor oil seed requiring a different

distance than arachis nuts and so on. The knives just cut

the seed and allow the kernels to fall out, then by winnowing

the husks may readily be separated. In Figure 42 is shown
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at A castor oil seed before treatment, at B the husk, and at

C the white kernel ready for the crushing mills.

There is, of course, a great difference in the quantity of

oil which is yielded by different seeds. It is found prefer-

able in the case of seeds which give but poor yields to use a

smaller quantity of seed in each charge than is done with

seeds which are rich in oil.

In some cases, such as castor and olive oils, the seed is

subjected to two or three distinct crushings, yielding oil of

several qualities. First the seed is crushed cold, when what

is known as " cold drawn " or " virgin oil " is obtained ; then

the seed is heated and reground, when what is called

'1 C]
)

Fig. 42. Castor Seeds.

" second pressure " oil is obtained ; finally, the seed is warmed

with water and again pressed, when a third quality of oil is

obtained.

In the case of oils which, like coconut and palm nut oils,

are solid at the ordinary temperature, it is customary to heat

the presses so as to make the oils fluid. In winter, too, it is

desirable to work with heated presses.

The oil cake after coming from the press is passed to a

paring machine, where the edges are trimmed to make the

cake rather more presentable and therefore more marketable.

The parings are sent back to the crushing rolls to be worked

through with the next batch of seed.
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presser often does not care to keep his oils so long, and

therefore must adopt a quicker process.

Sometimes oils are clarified by adding to them from 5 to

10 per cent, of their weight of fuller's earth, heating the

mixture to about 150° F., and maintaining it at that heat for

half an hour to an hour, stirring well all the time. Then the

oil is allowed to stand for about twenty-four to thirty hours

to settle out. The fuller's earth carries down with it all the

impurities in suspension, and at the same time exerts a more

or less bleaching action on the oil. The same quantity of

fuller's earth may be used several times, especially if its

function is simply that of a clarifying agent. Where how-

ever it is employed as a bleaching agent, it must be replaced

with fresh material from time to time. The fuller's earth

absorbs a large proportion of oil, which should be removed by

treatment with benzoline or benzene before it is thrown

away.

Where large quantities of oil are to be dealt with, it is a

good plan to use fuller's earth combined with a filter press.

The oil is heated with 2 to 3 per cent, of its weight of fuller's

earth, as described above ; then the oil is sent through a

filter press, which removes the earth and the solid impurities

in the oil. Special forms of filter press are made for dealing

with oils.

Figure 43 represents a filter press made by Dehne of

Halle, Germany, which is well adapted for pressing oils.

These filter presses are easy to use, while they are efficient

in operation.

It is quite possible when using a filter press to render

oils, while not quite perfect, yet sufficiently so to be market-

able, very quickly by sending the oil as it comes from the

hydraulic press through the filter press. The oil comes out of

the latter fairly bright and clear, and will find a ready sale.

The solid matter which is filtered out is returned to the
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kettle to be worked up with the next batch of seed. By this

method of working there is produced nothing but oil and

cake, no " foots " of any kind being formed.

Besides fuller's earth, there have been used in clarifying

oils other solid matters, such as china clay, infusorial earth,

etc., which act mechanically by carrying down the solid

matter in suspension and absorb the moisture in the oil, and

so leave the latter clear and bright.

Various processes have been devised for refining oils by

Fig. 43. Oil Filter Press.

chemical means ; the two agents most commonly used being

sulphuric acid and caustic soda. The general method of

using these bodies will be detailed.

Ebfining Oils by Sulphdeic Acid. Sulphuric acid

has a powerful action on all organic bodies, chiefly owing to

its great affinity for water, which imparts to it dehydrating

properties. As regards its employment in refining oils, its

virtue depends on the fact that the extraneous vegetable

matters found in crude oils are more easily acted upon by

the acid than is the oil itself. Too much acid must not
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however be used, or otherwise there is risk of it acting on

the oil and thus leading to loss. The usual plan of treating

oils is to place the oil in a suitable receptacle, a copper tank

or iron pan, which should either contain a steam coil or,

better still, be jacketed ; means of agitating the oil and acid

together should be provided, which may take the form of a

mechanical agitator, or a current of air may be blown in

during the operation. It is advisable for the bottom of the

tank to be made conical for the purpose of a more effectual

separation of the oil and acid, and a tap provided at the

bottom of the cone for the purpose of running off the acid

which collects. Many modifications of the process have

been published from time to time. It will however be found

that the details will have to be varied according to the oil

which is being treated. Some oils come from the presses

much purer than others. Such oils will require a less severe

treatment than those which contain a large proportion of

vegetable matter. Strong sulphuric acid should never be

used ; its action is too severe, and cannot well be controlled.

It is always advisable to use a mixture of sulphuric acid and

water—the proportion may vary according to the oil which is

being treated—1 of acid to 1 of water is a very good ratio,

while some oils may require an even weaker acid than this.

Hartley recommends for linseed oil, 1 of a,cid to 2 of water

;

if the oil be very impure then the ratio 2 of acid to 1 of

water may be used.

The oil to be treated is run into the tank and heated to

about 110° to 115° F. ; the latter temperature should never

be exceeded, while it may happen that lower temperatures

than 110° F. may be used. Then the mixture of oil, acid,

and water is added with constant agitation and in a slow

stream to the oil. The proportion used must vary according

to circumstances, sometimes 1 per cent, of strong acid will

be sufficient, in other cases 3 per cent, may be used. The
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last-named quantity should however not be exceeded. It

would be better to give the oil two treatments with a smaller

proportion of acid. The oil and acid are thoroughly stirred

together for about half an hour, then the mass is allowed to

rest for twenty-four hours. At the end of this time 6 or 7

gallons of warm water at 160° F. for every 10 gallons of oil

treated are mixed with the oil, and then the mass is allowed

to stand for some days until a perfect separation of oil and

acid liquor takes place. The oil is drawn off and washed

again with water to free it from all traces of acid. The acid

" foots," as they are called, are run away.

This method of refining is applicable to almost all seed

oils, and is largely used in connection with linseed oil, rape

oil, colza oil, nut oil, and also with fish oils. If it be used

with any oils intended for lubricating machinery, it is

necessary that the oil should be well washed with water to

free it from all traces of the acid used in refining, which if

left in might have a deleterious action on the metal of the

bearings to which it is applied.

The acid treatment will not affect any free fatty acid

which the oil may contain ; any such will be left in the oil

after the treatment is finished.

It has been recommended to use a strong solution (100° to

130° Twaddell) of zinc chloride, using from 1| to 2 per cent,

of the oil. This has no action on the oil itself, but it

dehydrates it and coagulates all albuminous and vegetable

matter the oil contains. It costs more to refine oils by zinc

chloride than by sulphuric acid.

Ebfining Oils by Caustic Soda. A good many oils

are refined by using caustic soda, in fact some, cotton seed

oil for example, cannot well be refined by other means, while

to obtain certain qualities of oil an alkaline treatment to

free the oil completely from acid constituents is necessary.

Colza oil, for instance, is much used for illuminating
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purposes ; if it contains any notable proportion of free acid

it is rendered unsuitable for this purpose, hence an alkaline

refining process is needful to be used with colza and other

burning oils.

Alkaline processes not only free the oil from extraneous

vegetable matter, but they remove any traces of resin, acid

and colouring matters which the oil may contain, leaving a

perfectly neutral and pure oil. Greater care is required in

carrying out an alkaline process than is required for an acid

process. This is due to the fact that, while the acid has no

material action on the oil itself, and therefore little loss is

likely to take place, the alkali has some action in the

direction of saponifying the oil, and thereby a loss may
occur. On the other hand, while the foots obtained vdth the

acid treatment are useless, those obtained from the alkali

process may be made use of.

The process is comparatively simple. The oil to be

treated is run into a suitable vessel ; an iron tank serves very

well. The requisite quantity of caustic soda lye is added,

and the whole thoroughly agitated together for some time and

then allowed to settle, an operation which may take soine

time, when two layers will form, one of a watery fluid con-

taining much soapy foots, the other of clear oil. The watery

fluid is drawn off into a tank, fresh weak alkali is run in, and

the mass treated as before, after which the purified oil is well

washed with water to free it from alkaU.

The strength and proportion of alkaline solution used will

depend upon the character of the oil to be treated. With

all ordinary oils a lye of 8° to 12° Twaddell may be used.

Crude cotton seed oil requires a stronger lye, one of from 15°

to 20° Twaddell, while coconut oil can be refined with a lye

of about 5° to 6° Twaddell. The quantity used will depend

upon the amount of acidity of the oil which is being treated,

the quantity of resinous matter it may contain, and the
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amount of colouring matter. Hence few rules can be given

as regards quantity of alkali to be used. Generally a half

to one per cent, of caustic soda will suffice.

Occasionally trouble arises from the formation of emul-

sions which prevent the proper separation of the oil from the

alkaline liquor. When this happens it is best to add a little

solution of salt, sufficient to throw out the oil.

In some cases the oil has been treated with soda crystals

melted by heat in their water of crystallisation. After

being well mixed the mass is allowed to stand, when, as a

rule, it easily separates into three layers, one of oil, the

second of soapy matter, and the third of watery liquid.

When the oil is fairly free from mucilaginous matters, and

is of poor quality in consequence of its containing much free

fatty acid, this may be removed by agitating the oils with a

weak solution of caustic soda or of carbonate of soda, but

usually it will be found easier to treat them with milk of

lime or with magnesia, followed by filtering from the lime or

magnesia soaps which are formed.

In describing the various oils special note will be given

to the methods of refining them.

In the section relating to olive oil will be found a de-

scription of an apparatus for separating oil from water.

Oil Foots. In the alkali method of refining oils a large

quantity of " foots " is formed. These may be utilised in

various ways according to their character. One very good

method is to work them up for soap making in conjunction

with other fats. Cases however occur where, owing to their

being strongly coloured as in the case of cotton oil foots, this

cannot be done. The best plan of dealing with such is to

decompose the foots by weak sulphuric acid and distil the

liberated fatty acids, etc. There is then obtained a distillate

containing glycerine (from any undecomposed glyceride

which may be present in the foots) and fatty acid. The
11
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residue in the retort takes the form of "pitch," and will

consist of the resinous matter present in the foots. The

fatty acids which are obtained are not quite pure, but con-

tain small quantities of hydrocarbon bodies produced by

decomposition of the fatty matter by the heat employed in

distilling.

Other processes for refining oils have been devised, but

those just described are what are in common use in oil

refineries.

BLEACHING OP FATS AND OILS.

As obtained by the processes described above, the oils

and fats are often more or less coloured. In vegetable oils

this colour is necessarily due to the presence of natural

organic colouring matters, chlorophyll, erythrophyll, etc.,

present in solution in the oil. Linseed oil, brown rape oil,

palm oil are examples of such oils which are strongly

coloured. Very often in the processes of refining, such as

have been described above, a large proportion of the colour-

ing matters is removed, but traces of them will remain in

the refined oils. Animal oils and fats are usually free from

colour. Any such that may be present is generally due to

exceptional circumstances.

There are a number of ways by which the colour can be

removed from oils. A process which may give good results

with one oil may not do so with another. In some cases it is

sufficient to agitate the oil at a temperature of 120° F. with

animal charcoal, followed by filtration. Blowing hot air

through will in some cases (palm oil) destroy the colour.

Air and light bleaching are sometimes resorted to, but in

some cases it is necessary to make use of chemical reactions.

Bleaching by Hot Air. By blowing a current of hot

air at about 130° F. many fats and oils can be decolorised.

Tallow, lard, and palm oil may be treated in this way. It
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is not desirable that the action should be prolonged, or

otherwise there is some risk of the oxidation of the oil. It

is important that the air should be dry.

Figure 44 is a drawing of an apparatus made for bleaching

palm oil by air devised by Messrs. Korting Bros. This

consists of a cylindrical vessel of any convenient size to suit

the quantity of fat that is being treated. K is a closed

steam coil by means of which the fat can be heated up to

Fig. 44. Korting Brothers' Apparatus for BleaoMng Palm Oil..

any required degree. E is a tube open at the top and ter-

minating in a ring at the bottom inside the vessel, this ring

having perforations. H is a draw-off valve. C is an injector

worked by steam which enters at A. B is the regulating valve.

By the action of the injector air is drawn from the upper

part of the vessel and therein creates a vacuum which is

filled by air being drawn in through E from the outer atmo-

sphere and which rises in bubbles through the fat, bleaching
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it. The operation is comparatively simple and is continued

until a sample of the oil drawn from H shows that the

bleaching has been carried far enough. It may be mentioned

that the top of the vessel is fitted with a tight-fitting cover

so that it may be hermetically sealed up.

Bichromate 01" Potash Process. Watts has devised a

process for the bleaching of oils by means of bichromate of

potash, which is largely used, especially for bleaching palm

oil. It is carried out in the following manner : The oil to be

bleached is heated at about 120° to 130° F., then a quantity

of bichromate of potash, about 22 to 28 lbs. per ton of fat, pre-

viously dissolved in a little water and thoroughly mixed with

the fat, then hydrochloric acid to the extent of about 2 or

2J per cent, of fat is added and also thoroughly mixed with

"the material. In the case of bleaching palm oil, the reddish

orange colour changes first to a brownish green, and finally

to a light green, the entire operation only taking a few

zninutes. Wet steam is now blown through for a few

minutes, and then it is allowed to stand for some hours.

'The bleached oil is separated out and is skimmed off, and

then washed with clean water to take out all traces of acid

and chrome. Instead of hydrochloric acid, sulphuric acid

may be used, but it does not give good results. This process

can also be used for other fats and oils.

Chlorine Process. Chlorine is a powerful bleaching

agent which may be employed for the purpose of bleaching

fats and oils. It is necessary, however, that great care

should be taken in using it on account of the fact that

chlorine is a colouring agent in oils and fats, excess re-

sulting in the formation of products which have deleterious

effects upon them. The most convenient plan of working

is to mix the fat with a solution of bleaching powder,

using about 2 lbs. to 1 ton of fat or oil, then about

three times the quantity of hydrochloric acid is added,
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and the whole stirred together ; then the mixture is allowed

to settle, the fat taken off, and the acid liquor run away.

One advantage of the chlorine process is that it acts as a

deodoriser to rancid fats. In the case with fats and oils

which are strongly coloured, it is advisable to give them

two treatments rather than to attempt to bleach them at

one operation.

In place of using bleaching powder there may be

employed potassium chlorate at the rate of 2 to 4 lbs.

per ton of fat ; about twice the quantity of hydrochloric

acid is added, and the operation done at a temperature of

160° F.

Sun Bleaching. This is commonly carried out by

exposing the oils and fats in colourless glass bottles to

sunlight. From time to time the oil or fat is poured

from one bottle to another with a view to exposing fresh

portions to the action of the sunlight. This method is

slow but is often employed, especially for castor and other

oils used for medicinal or food purposes. The processes

above described are those which are commonly employed

in bleaching oils and fats. Different refiners, however,

have various modifications of different processes, which

they have been found to work well with the plant and

appliances they have in use. Such modifications are often

regarded as " trade secrets ".

SOLVENT EXTRACTION PROCESSES.

All oils and fats are soluble in such bodies as ether,

carbon bisulphide, benzoline, benzol, carbon tetrachloride,

etc. This property is taken advantage of in both the

laboratory and on the large scale for the purpose of

extracting fats and oils from substances containing them.

In the chapter on the analysis of fats and oils, descrip-

tions of the methods used in the laboratory will be found.
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Here will be described such methods as are used on a

large scale. The principle on which all such apparatus

works is that of treating the fat-containing substance

with the solvent in a suitable vessel, then to run the

solution into a still or retort and distil off the solvent

by any means. The fat remains behind in the still, while

the solvent is recovered and used over again. The best

possible solvent is one that has great solvent properties

for oils, can be distilled completely by means of steam, is

free from odour and non-inflammable. The only substance

among those named above which answers these conditions

entirely is carbon tetrachloride, but unfortunately it is

expensive.

Benzoline is commonly used for this purpose. It is

light, has strong solvent action on oils, and is cheap.

It has one disadvantage, it does not entirely volatilise by

means of steam, consequently there is a tendency for a

little of the benzoline to remain behind in the oil ; again,

it is very inflammable, and great care is needed in the

working with this solvent. Carbon bisulphide is one of

the best solvents to use. It is volatile at the temperature

of boiling water. Being heavier than water it can be kept

in tanks under water, thereby reducing the risk of danger

from explosion or fire. It has unfortunately rather a

noxious odour, which makes it unpleasant to work vsdth.

This odour is however largely due to impurities that are

due to the materials from which the carbon bisulphide

is made. By repeated use this odour becomes less offensive

and unpleasant.

Benzol is an hydrocarbon obtained during the distillation

of coal tar. It is freely volatile at the temperature of

boiling water, and has strong solvent properties. It is

highly inflammable, and therefore great care must be taken

in working with it.
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DiBTZ Apparatus. A very convenient form of appara-

tus for the extraction of oil by bisulphide is that of Dietz, as

shown in Figure 45. This consists of an extraction tank B,

in which is placed, between perforated plates at top and

bottom, the material from which the oil is to be extracted

;

by means of a pump, carbon bisulphide, contained under

water in the tank A, is passed tlirough the extractor and so

Fig. 45. Dietz Apparatus for Extracting Oils.

abstracts the oil from the material ; from the extractor, the

carbon bisulphide containing the oil flows into the still or

retort D, where the carbon bisulphide is distilled off by

steam, and is condensed in the coil condenser and flows back

into tank A to be used over again. Eesidual oil left in the

still D is run off from time to time by means of a discharge

pipe. This plant is small and easy to work.
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Figure 46 is a drawing of a small plant which can be

made in any convenient size and used with any kind of sol-

vent. It consists of three portions. First, the centre vessel

which forms the extractor. The material is put in at the

top, which is fitted with a lid which can be hermetically

Pig. 46. Oil Extracting Plant.

closed. In this extractor there is also a perforated false

bottom, on which the fatty materials are placed. Under

this is a retort or still which can be heated by steam. This

still communicates with the extractor by means of a tube,

which proceeds from the bottom of the extractor and rises
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up alongside it to nearly three-fourths of its height, and

then turns down and enters into the still, ending near the

bottom. From the top of the still a pipe passes to a con-

denser placed above the extractor, the end of the condenser

worm passing into the top of the extractor. This plant is

used in the following way : The fatty material is placed in

the extractor and the required quantity of solvent in the

still ; by means of a steam coil the solvent is volatilised and

passes into the condenser, where it is condensed, and flows

as a liquid into the extractor ; here it gradually accumulates,

dissolving out the fat until its level rises above the level of

the bend in the syphon tube, when it flows into the still

;

here it gets volatilised again and passes through the same

cycle of changes. The fatty matter which it had in solution,

however, is left behind in the still and can be run off from

time to time, as required, through a discharge pipe placed

on the bottom of the still.

Another method of extracting, using benzoline, is to

have two large upright boilers side by side. Each is divided

into three portions by partitions—the middle portion is the

extractor and is provided with two manholes, one at the top

for charging, the other at the bottom for discharging ; the

lower portion forms the still and is fitted with steam pipes ;

the top portion contains a condensing arrangement. This

apparatus is used in the following manner. The extractors

are filled with the oily material. Benzohne is placed in the

still of one and is vaporised by means of a steam coil ; the

vapour, passing upwards into the condenser of the other

boiler, is there condensed to a liquid and flows down

through the oily material into the still, carrying with it the

oil. When all the benzoline has been vaporised off from

the original still, the action is reversed and the benzoline

distilled back again ; the oil it held in solution is, however,

left behind in the still. The action is allowed to go on
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until all the oil is removed from the raw material. This is

then run off from the still to a storage tank.

The extraction of oils by means of volatile solvents is

in itself very simple. The crushed seed or other oil-bearing

material (dried fish, etc.) is placed in a closed vessel. Benzine,

petroleum spirits, bisulphide of carbon, ether or any other

suitable solvent is passed through it, and allowed to flow

into a retort, carrying with it the oil in solution and leaving

the exhausted substances in the extractor or macerator.

The solvent in the retort is now distilled off and condensed

for reuse, while the pure oil is left behind in the retort.

So far the process is very simple, but there are many
difficulties : one consists in recovering the solvent from the

waste product in the extractor. This part of the apparatus

consists essentially of a large tank, with inlet and outlet

pipes for the circulation of the solvent, and steam connec-

tions to drive off the residual solvent after the material

in it has been exhausted.

These extractors must necessarily be of a considerable

size, and when extraction has been completed, there is

left behind a large bulk of residual material, starch and

husk (in the case of seeds), saturated with solvent which

ought to be distilled off before the extractor is emptied.

This is necessary for two reasons. First, because the

manufacturer could not afford to lose all this solvent

;

secondly, because its vapours are inflammable, and might

if allowed to escape freely become a source of danger.

And herein lies the chief difficulty : the material left in

the extractor is a bad conductor of heat, and therefore

it is very difficult to heat the mass, when in large bulk,

sufficiently throughout to ensure complete volatilisation.

To this a second difficulty is added, by the fact that the

volatilisation of the solvent has the tendency of greatly

depressing the temperature in those parts which are not

easily reached by the heat of the steam.
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This difficulty is only partially overcome by admitting

steam into the extractor, as what volatilises in the lower

part condenses again in the upper layers, until the whole

mass is sufficiently heated throughout, which, on account

of the non-conducting properties of the material, is achieved

after many hours only. But when the solvent has to be

thus driven off by live steam, the material is being cooked at

the same time and when taken out is in a moist state, which

in many cases is detrimental to what otherwise would

be a valuable product.

The residual meal cannot be stored in this condition,

as it soon spoils, and is only fit for manurial purposes.

The apparatus shown in Figure 47 was designed to over-

come all these defects. The difficulty arising out of the

unmanageableness of the material while in bulk has success-

fully been conquered by treating small and successive

quantities at one time. This is being done by practically

reversing the older process. That is, instead of passing the

solvent through a large mass of material, here the material

to be extracted is passed through the solvent, the latter

flowing at the same time in the opposite direction.

In what manner this is effected will be best understood

by a reference to the accompanying drawing. C, 02, 04,

06, and 06 are cylinders alternately communicating with

each other at top and bottom, in which are working screw

carriers. The material is fed in at A (which, when not

at work, is hermetically closed by a water seal) and carried

forward by a screw working in B, and falls down the vertical

shoot into 0. Here it is carried upwards by a screw to 01,

where the first cylinder communicates with the second and

falls on to the screw working in 02, is carried downwards

and falls through communicating channel 03 on to the next

screw. This again carries the material in an upward

direction and to 04, whence it is carried downward in 05,
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up again in C6, in the upper part of which there is a

squeezing arrangement to express the excess of solvent,

and falls then through D into kiln B, which is provided with

a steam jacket and forward screw, where the exhausted

material is deprived of the residual solvent. This is easily

effected, as the material is spread out in a thin layer over a

large heated area. The vapours, which are considerably

heavier than the air, and hence have a downward tendency,

are allowed to escape at the lower end of the kiln, are con-

densed in their passage through the condenser 11, collected in

receiver 12, and pumped back into the machine at 1. While

the material thus travels from left to right, the solvent flows

in an opposite direction, whereby the partially extracted

meal, etc., meets in each successive cell with a purer stream

of solvent, thus ensuring nearly complete exhaustion. On
the other hand the solvent comes successively in contact

with material richer in oil, finally passing into the first cell

(the last as regards the direction of the solvent), where

it meets the largest quantity of oil, passes through a filter

H, and thence into a retort. This latter part of the ap-

paratus is provided with several trays, each steam jacketed,

over which the mixture of oil and solvent flows in a thin

stream ; the solvent being volatilised and condensed in

9, while the oil flows out in a continuous stream at 10.

The apparatus is sealed by water throughout.

Section E.

animal and vegetable lubricating oils.

TALLOW.

Tallow is or should be derived from the fat of cows, oxen,

sheep, goats, and similar animals, the best fat being taken

from the thicker deposits which surround the abdomen,

known generally among butchers as the skin, although it is

known by other names in some places. Anatomists call it

the omentum. Tallow is also obtained from the fat sur-
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rounding the large muscles, the kidneys, and the other

organs of the body. Fatty matter can be and is obtained

from other parts of the animal, such as the intestines, bones,

etc., and such fat is often sold as tallow ; sometimes with a

qualifying distinction as bone tallow ; at other times, and

this wherever possible, without such a qualifying description.

Whenever tallow is dealt in as tallow, it is always understood

to be the fat obtained from the parts above-named, and the

sale of any other kind of fat should be regarded as a fraud,

upon the buyer.

The deposit of tallow as it exists in the animal body is

found to be contained in small cells or bladders of animal

tissue. The reason for its being in this condition is that

while being in fluid so as to move with every motion of the

parts, yet it is not able to flow from the spot in which it is

found. As it is taken from the body, the crude fat is knovsm

as butcher's fat, and is usually purchased from the butchers

by the tallow refiner, who, if he be located in a large town,

often distinguishes between "town fat" and "country fat,"

the former being usually fresher, and therefore yielding a

better quality of tallow than the latter. The idea or principle

which underlies all processes for the extraction of the tallow

from this rough fat is to separate out by some means the

animal tissue from the actual fatty matter, a process which

is known as rendering. The various means which have

been adopted to do this have been described, p. 128 et seq.

Of fatty matters obtained from other parts of the animal

body, the intestines give what is called
'

' tripe tallow," the

feet yielding "neatsfoot oil". The processes for extracting

these greases or fats do not differ essentially from those

described above, but, as a rule, they are obtained by simply

boiling the various parts of the animal in water, and skim-

ming the fat which is obtained from the top of the water

where it collects, whilst the tripe and feet are used as food.
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A great deal of fat largely used in making soap is now
extracted from bones, and sold as " bone grease," " bone

fat," " bone tallow," and not seldom, wherever possible, as

tallow. All bones do not contain tallow or fat ; the best

are cows' and bullocks' shank bones, which are hollow, and

contain a fairly large proportion of good fat, often separately

extracted and sold as " marrow tallow ". The more solid

bones found in the animals do not contain much fat, and

scarcely pay for its extraction. Horses' bones contain so

little fat they are not worth the process of treatment. In

dealing with bones it is therefore worth while to sort them
into those which are worth treating for the fat and those

which are not worth so treating. The method of extraction

is given on p. 137.

Tallow comes into this country from all parts of the

world. Now it is a well-known fact with regard to natural

products obtained from various localities that they vary

somewhat in appearance, colour, odour, and consistence, etc.,

to say nothing of minor differences in chemical composition.

Tallow is no exception to this rule, hence in the tallows

which are sent into England from North America, Australia,

Russia, India, etc., there are certain minor differences by which

experts can tell the locality from which the tallow came.

There can scarcely be any doubt but what these differences

are caused by the character of the food on which the cattle

feed in the various localities, and which must vary to a great

extent. Commercially, tallows are distinguished according

to their country of origin, and of the cattle—oxen or sheep,

or into beef or mutton—from which they are obtained.

Eussian tallow comes chiefly from Cronstadt, Odessa, Tagan-

rog, and St. Petersburg. It is derived chiefly from oxen,

and is a hard, yellowish tallow, better suited for candlemakers

than for soapmakers. A large proportion of the Eussian

tallow finds its way from Siberia, but no distinction is made
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between this tallow and that from other parts of Russia.

South America sends both "beef" and "mutton" tallow.

It is chiefly shipped from the Eiver Plate ports. It is of a

strong yellow colour, and usually of fair quality, and service-

able for all uses. North American tallow is of very good

quality, rather paler in colour than South American, and is

the favourite tallow of soapmakers. It is mostly " beef
"

tallow that comes from North America, but " mutton

"

tallow is also sent over. Australia also sends large quantities

of both " beef " and " mutton " tallow to England of fairly

good colour and quality. The value of the tallow depends

on its consistence—the harder the tallow and higher its

melting point, the more valuable it is. These points vary

very much within certain limits, which will be presently

pointed out.

The chemical composition of tallow varies somewhat ac-

cording to the method of feeding and the locality as well as

the kind of tallow. Tallow consists essantially of the two

glycerides, olein and stearin, the latter predominating,

forming from 60 in soft to 80 per cent, in hard tallows.

Margarine is also probably present in some tallows, while

there are also nearly always small quantities of animal tissue,

colouring matter, water ; but these should not altogether

amount to more than from ^ to 1 per cent, of the total.

Beef tallow contains more olein than mutton tallow, so

that it is rather softer in consistence, and therefore better

adapted for soapmaking and lubricating and for making

tallow oil, whereas mutton tallow is more suitable for the

candlemaker. The specific gravity of beef tallow ranges

from 0'935 to 0"939, while that of mutton tallow ranges

from 0-937 to 0940 at 60° F. (15° C.) ; while at 212° F.

(100° C.) the specific gravity is from 0-860 to 0-862. The

melting point of tallow varies very considerably, usually

ranging from 36° to 49° C. (97° to 120° F.)—the lower limit
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is that of a soft tallow, while the higher limit is a hard

tallow. 39° C. (102° P.) is the average melting point of

tallow. After being melted it begins to solidify at rather

lower temperatures, from 33° to 46° C. (115° F.), but at the

moment of solidifying the temperature rises a few degrees.

When pure, tallow should be white, fairly firm, and without

much odour and taste. It is soluble in from 40 to 44

times its volume of alcohol. Generally, it contains a small

quantity of free acid, ranging from 0'75 to 7 per cent.,

although occasionally samples with larger quantities are

met with. For soapmaking, the presence of free, fatty acid

is not detrimental, but rather otherwise ; but for lubricating

machinery it is decidedly disadvantageous.

When melted tallow is allowed to cool very slowly at a

temperature of not less than 27° to 30° C. (80° to 86° F.), it

forms a granular mass, the stearin crystallising out in the

form of small nodules which can be separated out from the

more fluid mass by pressure. The process is known as

" seeding," and is largely applied to the separation of the

stearin of the tallow for use in making candles, while the

liquid which passes through the press is known as " tallow

oil," and is used for lubricating machinery and soapmaking.

When boiled with caustic alkalies, tallow is converted

into soap. Of caustic soda, tallow usually takes about 137&
to 13"86 per cent, to completely saponify it, while of caustic

potash it requires 19'32 to 19'38 per cent. The alkalies being

in both cases taken as being chemically pure, of the ordinary

commercial products more will be required, according to the

strength of the article, which varies very much. When the

soap formed by boiling tallow and alkali together is treated

with acid, the fatty acids of the tallow are separated and

usually are found to amount to 95 per cent, of the tallow

used. The melting point and specific gravity of these fatty

acids vary with the quality of the tallow. (See page 179.)

12



178 LtTBRICATINl} OILS.

Tallow is frequently adulterated. Among other bodies

have been used soft fats from other parts of the animal, such

as bone or tripe tallows, cottonseed oil, seal oil, stearin from

wool grease, among fatty matters, to say nothing of china

clay, starch and similar products. It is by no means an

easy matter to detect some of these adulterants : cottonseed

oil stearin is very difficult to detect. The specific gravity of

the fat at 100° C, the melting point, is also some guide,

while the large proportion of solid fatty acid would be a

clue to its addition. Cottonseed oil can be detected by its

reducing the specific, gravity, melting point, and increasing

the proportion of liquid fatty acids, as well as by the silver

nitrate and iodine test. Stearin from wool grease can be

detected by the tallow containing a large proportion of fatty

acid, as well as by the silver nitrate test. Bone grease can

be detected by the tallow containing phosphate of lime,

which is a characteristic ingredient of bone grease. The

addition of such matters as china clay and starch can be

detected by melting the tallow and allowing these insoluble

matters to settle out. Such forms of adulteration are now

rare, and show unskilful work on the part of the adulterator.

Paraffin wax and scale and mineral oil are sometimes

added ; these may be detected by their reducing the percen-

tage of potash required to saponify the tallow, by the sample

having a low flash point (under 400° F.), while the amount

can be ascertained by the test described in the chapter on

Oil Analysis.

Tallow is now rarely used for lubricating machinery.

At one time it was largely used for lubricating steam engine

cylinders, but it has been superseded by the petroleum

cylinder oils (page 106). It is used now in small quantity for

lubricating heavy engine bearings—bearings of rolling mills

—and for making lubricating greases.
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CONSTANTS OP TALLOW.

Specific Gravity at 15° C. (60° P.) . . 0-943 to 0-942.

„ 50° 0. (122° P.) . . 0-895.

„ 100° 0. (212° P.) . . 0-862.

Melting Point, 42° to 46° 0. (107° to 115° P.).

Solidifying Point, 36° G. (98°).

Insoluble Patty Acids (Hehner Value), 95 to 96 per cent.

Sponifioation Value (Koettstorfer Test), 19-3 to 20 per cent.

Iodine (Hubl Test), 39 to 44 per cent, (absorbed).

Eeiohert Value, 0-25 cc. ^ KOH.

Viscosity at 120° P 53.

„ 150° P 35.

„ 212° P 25.

CONSTANTS OP PATTY ACIDS PROM TALLOW.

Specific Gravity at 100° 0. (212° P.), 0-8698.

Melting Point, 43° to 44° C. (108° to 110° P.).

Solidifying Point, 42° to 43° G. (107° to 108° P.).

Molecular Weight (Combining Weight), 284.

Iodine Value, 40 per cent.

TALLOW OIL.

Tallow oil is obtained from tallow by melting and keeping
.

-the tallow in a warm room at about 80° to 90° F. for some

hours. The stearin it contains crystallises out in the form

of small granular particles ; hence this process is known as

" seeding ". The seeded tallow is then placed in canvas

cloths and put under hydraulic pressure, when the olein it

contains comes out together with a little of the stearin and

forms the tallow oil of commerce. It is also sold under the

names of ox oil, animal oil, etc. Its chief use is for lubri-

cating machinery, but it is used for making soap—when a

white soap, rather soft and more soluble than a tallow soap,

is required. Tallow oil varies much in consistence. Some
samples are more fluid than others. This depends upon the

proportion of stearin which the oil contains. If there is

much, then the oil is solid ; if little, then the oil is liquid.

The specific gravity varies for the same reason from 0'911 to
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0'915. Tallow oil contains a varied proportion of free acid

from none in well-prepared samples to 15 to 16 per cent, in

others. Tallow oil should be quite white when cold, or have

at the most a faint yellow tint. When melted, it ought to

be quite clear and bright, free from any cloudiness or broken

particles of any kind. It has only a very shght odour of an

animal fat.

It is employed as a lubricating oil for shafting and heavy

bearings, and is often mixed to the extent of 10 per cent,

with mineral oils to form spindle oils and loom oils, for

which it answers very well.

Tallow oil has a viscosity at 100° F. of 65, at 150° F. of

32, and at 212° F. of 23. Flash point, 475° F. to 500° F.

varying with the quality.

LARD OIL.

Lard oil, like tallow oil, is not much used in soapmaking,,

finding its principal use in lubricating machinery. It is

prepared from lard in the same way as tallow oil is made

from tallow. It resembles the last oil in its properties and

uses. It is if anything rather lighter in colour and has less,,

odour, which resembles that of lard. It is used in lubri-

cating machinery, chiefly for mixing with mineral oils in the

preparation of spindle and loom oils, usually 7| to 10 per

cent, being added. It works well.

NBATSFOOT OIL.

This oil is obtained from the feet of cows and sheep.

These are skinned, then boiled in water, when the fatty

matter they contain collects on the surface of the water and

is skimmed off from time to time and sold as neatsfoot oil.

Occasionally it is subjected to a purifying process which

consists in boiling it up with water.

Neatsfoot oil makes its appearance either as a turbid.
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or a limpid oil. In winter time it will become solid

from deposition of stearin. Its odour is pleasant, its

taste sweet. Its properties are practically identical with

those of other animal oils obtained from the cow or sheep,

and it is often difficult to distinguish between such oils.

The specific gravity is usually about 0"912. It takes 19

per cent, of caustic potash to saponify it.

Neatsfoot oil was at one time largely used for lubricating

steam engine cylinders, but its use for this purpose is now

limited. It is not used by itself as a lubricating oil, but

is often mixed with hydrocarbon oils to form loom, spindle,

or shafting oils. Its lubricating powers are good, and as it

is fairly free from free acid it does not corrode the bearings.

VEGETABLE OILS.

PALM OIL.

Palm oil is obtained from the fruit of various palm trees,

natives of the oil regions of the West Coast of Africa. The

tree which yields the largest proportion of the palm oil of

commerce is the Elaiis Guinensis. The fruit of the palm

is about the size of a small plum and hangs in bunches

from the trees. Like the plum it contains an outer

pulpy mass or pericarp and an inner kernel. Prom the

outer pulp is obtained palm oil, while the kernel yields

palm nut or palm kernel oil, also used in soapmaking,

but which has different properties to palm oil.

The natives of the oil regions employ a variety of methods

for the purpose of extracting the oil from the fruit. The

commonest plan consists in stacking the nuts as they are

taken from the trees in heaps for from seven to ten days,

when, by the composition of some of the vegetable tissue

surrounding the husks of the nuts, the husk can be

readily removed, leaving the internal pulp and kernel.

The pulp is of rather a hard nature, and to soften it the
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nuts after being husked are thrown into pits and plantation

leaves covered over them then with earth and palm leaves.

In this condition they remain for a period varying from three

weeks to three months, according to the fancy or practice of

the particular tribe of Africans who are making the oil.

At the end of the period named the pulp will have been

converted into a soft mass. It is now thrown into pits

lined with stones, where it is subjected to a pounding process

whereby the pulp is separated from the kernels. The former

is now thrown into boiling pots and boiled with water,

when the oil rises to the top and is skimmed off, any

vegetable tissue which may accompany the pulp passing

into the water ; or the oil may be separated from the

vegetable by heating it with the water so as to melt the

oil, and then squeeze the mass into bags when the oil

flows out. The quality and consistence of the product

depend partly on the particular species of palm from

which it is made, but as to this point definite information

is lacking ; but more particularly upon the care with which

the process of extraction has been carried out, and the length

of time the fruit is allowed to remain in the pits. A long

steeping results in the oil being harder, but at the same

time its quahty is materially decreased, it acquires a rancid

odour, its colour is not so bright, and it contains much free

acid indicating that a decomposition into acid and glycerine

has taken place. A short steep gives an oil of a sweet odour

and a bright colour. The process of extracting palm oil

being as crude as it can well be, it is evident that the

commercial article is far from being all pure fat. It must

contain some trace of vegetable tissue, etc., which being

very liable to ferment will in course of time gradually

bring about the decomposition of the oil, resulting in its

becoming more or less rancid, and losing its odour and

colour.
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Palm oil is a solid oil about the consistence of butter.

It has an orange to golden yellow colour, which is highly-

characteristic but is liable to vary very much. Salt Pond

and Brass oils have usually a brownish colour, Lagos oil

is a bright orange, Sierra Leone is rather redder. New
Calabar oil is a golden yellow ; the colour is probably

dependent upon the species of palm from which the oil

is obtained in the first instance, and partly on the process

of extraction. Lagos oil is the best and most neutral

quality, the proportion of free acid it contains rarely

exceeding 10 per cent., and the amount of water and

other impurities not more than 2 per cent., and in con-

sistency it is the softest of palm oils. Brass, so far as

impurities are concerned, comes next to Lagos oil. It is the

hardest of the palm oils, and on that account is the quality

most in favour with candlemakers. It usually contains a

large percentage, 53 to 65, of free fatty acid, and by far

the largest proportion of palmitic acid of any variety;

hence its hardness. Salt Pond palm oil is one of the

worst varieties of palm oil to be found in the English

market, the amount of impurities often being found to

amount to 20 per cent. ; while the free acid has been found

by Norman Tate to be as high as 80 per cent., indicating

that little actual oil is present. The colour and odour are

usually poor. Half Jack, Bonny, New Calabar oils occupy

intermediate positions between these oils in hardness and

quality generally. Palm oil has a peculiar and violet-like

odour, which is communicated to the soap which is made

from it.

Chemically, palm oil consists of a mixture of palmitin and

olein in various proportions, with varying quantities of free

palmitic and oleic acids. The specific gravity of palm oil at

15° C. varies from 0'920 to 0'926. The specific gravity at

100° C. ranges from 0-857 to 0-859. The melting point is
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exceedingly variable, ranging from 25° to 36° C. (77° to 97°

F.), the solidifying point being a few degrees less. When
saponified palm oil yields from 94 to 97 per cent, of fatty

acids, the setting points of which range from 41° to 46° C.

(106° to 113° F.), the combining equivalent from 273 to 274.

Palm oil takes from 19 '6 to 20'2 per cent, of caustic potash,

KOH, or from 14 to 14'4 per cent, of caustic soda, NaOH, to

saponify it.

Palm oil is mostly used in the form of greases in the

lubrication of machinery. (See chapter vii.) It is rarely

used by itself or in admixture with mineral oils as is tallow.

The great variation in its quality and the corrosive action of

any free acid it may contain on the bearings of machinery

are obstacles to its use.

CONSTANTS OF PALM OIL.

Specific Gravity at 15° G. (60° F.) . . 0-920 to 0-924.

„ 50° 0. (120° P.) . 0-893.

„ 100° G. (212° P.) . . 0-8586.

Melting Point from 27° to 42° G. (80° to 107° P.).

Hehner Value (Insoluble Patty Acids), 96-5 per cent.

Saponification Value (Koettstorfer Test), 20-2 per cent. KOH.

Reichert Value, 0-5 oc. ^, KOH.

Iodine Value (Hubl Test), 51 to 52 per cent.

Viscosity at 100° P 55.

„ 120° P. 34.

„ 150° P 28.

CONSTANTS OP PATTY AGIDS PROM PALM OIL.

Specific Gravity at 100° G. (212° P.), 0-8369.

Solidifying Point, 45-5° G. (113-5° P.).

Melting Point, 50° G. (122° P.).

Saponification Value, 20-6 per cent. KOH.
Gombining Equivalent (Molecular Weight), 270.

PALM NUT OIL.

The nuts or kernels of the fruit are collected and imported

in large quantities into this country for the purpose of press-
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ing the oil from them. In some places a very crude method

is in use for the extraction of the oil. The nuts are put into

a pan over a fire and charred slightly, some of the oil exudes

and is poured off; the roasted nuts are now ground and

boiled with water ; the oil they contain rises to the top and is

skimmed off; after a short boil the mass of kernel meal is

again ground up, mixed with a little water, and mixed up

again and boiled up, when more oil is obtained. This is

skimmed off as before. The oil obtained by this process is

of a dark colour.

Palm nut oil is of a white or faintly yellowish colour, of

consistency similar to butter. In odour it resembles coconut

oil, from which it can hardly be distinguished. The melt-

ing point ranges from 26° to 30° C. (78° to 86° F.). Much
depends upon the proportion of oil obtained from the kernel.

The first portions which are pressed out are the softest, and

have the lowest melting point ; the last portions are hardest,

and have the highest melting point. It takes from 22 to 24

per cent, of caustic potash, or from 15J to 17 per cent, of

caustic soda to saponify it. In this respect it resembles

coconut oil, to which it approximates in composition by

containing a large proportion of the lower fatty acids, lauric,

capric, capryllic, and caproic acids, but not to so great an

extent as does coconut oil. Oudemans gives the following

analysis of palm nut oil :

—

Glyceride of Oleic Acid 26-6

Glycerides of Stearic, Palmitic, and Myristic Acids . . 33'0

Glycerides of Laurie, Capric, Capryllic, and Caproic Acids . 40-4

Palm nut oil is fairly free from free acid, and is not liable

to become rancid readily. In its specific gravity at both 60°

and 212° F. it closely resembles coconut oil.

Palm nut oil is largely used in soapmaking in the place

of coconut oil, but rarely m lubricating machinery.

Palm nut oil is adulterated with lard, tallow, and other
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cheap fats and oils. Such adulteration can be detected by-

means of the saponification value and the distillation test,

which will suffice to detect any adulteration.

CONSTANTS OF PALM NUT OIL.

Specific Gravity at 15° 0. (60° P.) . . . . 0-952.

„ 40° G. (105° P.) ... 0-9119.

„ „ „ 100° C. (212° P.) . . . 0-8731.

SoUdifying Point, 20-5° G. (71° P.).

Melting Point, 27° to 28° C. (79° to 80° P.).

Hehner Value, 91-1 per cent.

Saponification Value (Koettstorfer Test), 24 per cent. KOH.

Beiohert Value, 2-4 cc. ^ KOH.

Iodine Value, 10 to 13 per cent.

CONSTANTS OP PATTY ACIDS OP PALM NUT OIL.

Solidifying Point, 20° to 23° C. (71° to 76° P.).

Melting Point, 25° to 28° C. (77° to 80° P.).

Saponification Value, 25 to 26 per cent. KOH.
Combining Equivalent (Molecular Weight), 211.

Iodine Value, 12-07 per cent.

COCONUT OIL.

Coconut oil is the product of the familiar coconut, or

cocoa nut, as it is sometimes called, the fruit of the coco

palm

—

cocos nucifera.

The fruit of this palm is a very useful product. It is of

large size; the outer portion consists of a fibrous mass which

is made into ropes, mats and carpets. Inside this is the nut

proper, consisting of a hard outer portion only useful as fuel.

Inside this is a layer of pulpy matter of a white colour,

which is that portion of the fruit patronised by the young

idea at fair times. The central portion of the fruit is occu-

pied by a milky fluid. The pulp is of a very oily nature, the

proportion of oil usually averaging over 50 per cent. This

pulp is dried by exposure to the air, and in that condition is

known, as "coprah," and is imported into this country in

large quantities for the purpose of extracting the oil out of
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it. The native method of extracting the oil consists of

heating the pulp with water, when the oil rises to the top

and is collected. Another method commonly followed when

inferior qualities of oil are wanted is to heat the pulp with a

httle more water so as to render the oil more fluid, and then

to subject the mass to pressure in a rude kind of oil-press

worked by oxen. In some places the pulp is dried and then

grated by means of cutting machines, and this, after being

heated with water, is pressed, yielding a large quantity of a

good quality of oil.

Coconut oil comes into this country from many places

in South Eastern Asia. The best is that from Ceylon

;

Cochin China oil ranks very close behind ; Malabar oil is of

a very good quality ; Manilla oil is good ; some comes from

Mauritius and the Fiji Islands.

In this country coconut oil is pressed from coprah.

Coconut oil makes its appearance in this country in the

form of a white but soft fat. In the Asiatic countries it is a

water-white, rather limpid oil. It melts at from 20° to 25°

C. (68° to 77° F.) ; its specific gravity at 60° F. is 0-931 ; at

212° F. it is 0"870. Its odour is pleasant and characteristic,

resembling that of the coconut. It is liable to become

rancid, when its odour becomes more pronounced.

It is fairly easily saponified, especially by strong alkaline

lyes, and on that account it is much employed in the manu-

facture of soaps by the cold process. It takes from 24' 5 to

26 per cent, of caustic potash, or from 17'4 to 18'7 per cent, of

caustic soda, to completely saponify coconut oil, a larger

amount than is required for any other known fat.

Coconut oil is one of the most complex oils known as

far as regards its chemical composition. The principal fatty

acid present is lauric acid, HCiaHjgO^; there is also present

caproic acid, HCgHnOj. These acids are all soluble in

water, and are volatile when distilled with steam or water.
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It is the presence of these acids which causes coconut oil to

require so much alkaU to saponify it and to form a soap

which works with hard water, for the lime salts of these fatty

acids are, comparatively speaking, soluble in water, and the

alkali soaps are much more freely soluble in saline solu-

tions than is the case with alkali salts of oleic or stearic

acids for example. There are also present in coconut oil

stearic acid, HCisHggOj ;
palmitic acid, HCisHsiOj ; myristic

acid, HC14H27O2, with smaller quantities of other acids of

the same series. There are but comparatively small quanti-

ties of the acids of the oleic series. Of course it should be

understood, in speaking of fatty acids in coconut oil, that

these do not exist as free acids, but in the form of gly-

cerides. Laurie acid has a combining weight of 200. The

combining weight of the fatty acids which can be extracted

from coconut oil by saponifying and liberating the acids with

sulphuric acid ranges from 196 to 204. When these fatty

acids are distilled with water, the distillate possesses an acid

reaction due to the volatile or soluble acids coming over

:

the acidity from 100 parts of oil is equal to 0-78 to 0'83 of

caustic potash. Butter and palm nut oil have a similar

composition. Coconut oil has very little power of absorbing

iodine or bromine ; of the former it takes up 8 9 to 9 per

cent., of the latter 5'7 per cent. It yields from 12 to 13 per

cent, of glycerine, and from 94 to 96 per cent, of fatty acids.

Coconut oil is rarely adulterated, and then chiefly with

animal fats and greases, with solid vegetable fats and

stearins. Any such adulteration would not be very difficult

of detection. The odour, alteration of the saponification

value, reduction of the specific gravity at 212° F., and reduc-

tion of the amount of volatile acids will suffice to detect

such adulteration.

Coconut oil is used in India and other eastern countries

for lubricating machinery and gives very good results,
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especially on light-running machinery. In this country it is

often used, mixed with hydrocarbon oil, as a spindle or loom

oil, for which purpose it works well.

CONSTANTS OF COCONUT OIL.

Specific Gravity at 15° 0. (60° P.) . . . . 0-930.

„ 40° C. (105° P.) . . . . 0-9115.

„ 100° C. (212° P.) . . . 0-8736.

Solidifying Point, 16° to 20° 0. (60° to 70° P.).

Melting Point, 20° to 28° 0. (70° to 80° P.).

Saponification Value (Koettstorfer Test), 25 to 26 per cent. KOH.
Hehner Value (Insoluble Patty Acids), 83 to 88 per cent.

Reichert Value, 3-5 oc.~ KOH.

Iodine Value (Hubl Test), 8-9 to 9-3 per cent.

Viscosity at 100° P 40.

„ 120° P 27.

„ 150° P. . 22.

CONSTANTS OP FATTY ACIDS PROM COCONUT OIL.

Specific Gravity at 100° 0. (212° P.), 0-8854.

Solidifying Point, 20° C. (70° P.).

Melting Point, 24° to 25° C. (75° to 77° P.).

Combining Equivalent (Molecular Weight), 196 to 206.

Iodine Value (Hubl Test), 9-3 per cent.

Iodine Value of Liquid Patty Acids, 54 per cent.

CASTOR OIL.

Castor oil is obtained from the seeds of the castor oil

plant, Hicinus commimvi, a native of India, where it grows

luxuriantly. The plant is a pretty common one in English

conservatories, and so is familiar to most persons. The

seeds are of a comparatively large size, and of a greyish

colour and very lustrous. They contain a large proportion

of oil, nearly 50 per cent., which is extracted by pressure in

the usual way, or by boiling the seeds in water. Several

qualities are recognised. That first extracted by pressure is

the best, and sold chiefly for pharmaceutical purposes ; the

lower grades for lubricating oil and soap, and the average
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commercial qualities are imported from Calcutta, Madras,

Bombay and Prance. What is known as first pressure,

French, is about equal in quality to what is known as second

quality, Calcutta.

Castor oil is a thick, viscid oil. In colour, it varies from

colourless in the pharmaceutical product, to a greenish yellow

in the poorer sorts. Its specific gravity ranges from 0'960

to 0"970
; the average being 0"964. Occasionally samples are

met with having a specific gravity below 0"960, but such are

rare. The odour varies considerably ; the best qualities are

fairly free, but the poorer sorts have a nauseous odour. The

taste also varies in the same way; the common quaUties

have a peculiar nauseous taste, from which the best are free.

It does not begin to become solid until a temperature of

18° C. (0° P.) is reached, and even then only a few flakes are

deposited. This oil is distinguished from other fatty oils by

its peculiar physical and chemical properties ; it has a very

high specific gravity, a high viscosity. The relative viscosi-

ties of castor and sperm oil are as 1'248 and 58'5 respectively,

at 70° P., which figures will convey some idea of the viscid

character of the oil. It is readily soluble in alcohol, 1 part in

4 of rectified spirits at 16° C. (60° P.). This enables

an addition of other oils to be detected. It is insoluble in

petroleum spirits or mineral oil at ordinary temperatures.

On being heated, castor oil will mix with, or become soluble

in, the petroleum spirit or mineral oil, but as the temperature

cools down again the two liquids separate out.

Castor oil consists of a little palmitin which separates out

when the oil is cooled down, and the glyceride of a peculiar

(ricinoleic) acid, which has hitherto only been found in

castor oil. This acid has the composition shown in the

formula CiyHgjOHCOOH. It differs from other fatty acids

in containing three atoms of oxygen, and there is reason for

thinking that this extra atom of oxygen is combined with an
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atom of hydrogen in the form of hydroxyl, as shown in the

formula given above. Eicinoleic acid is therefore an hydroxyl

fatty acid. The presence of this hydroxyl group gives to

ricinoleic acid the property of forming, with sulphuric acid,

ethers. On this property is based the use of castor oil in

the preparation of olein oil for calico printers' use.

Castor oil yields about 9*1 per cent, of glycerine and 96'1

per cent, of fatty acids. These have a combining weight

of 306 to 307, and a specific gravity of 950 to 951 at

60° F. They are thick, viscid and of an oily appearance,

and besides containing ricinoleic acid contain palmitic acid.

It takes from 17"5 to 18 per cent, of caustic potash

or from 12'5 to 13'3 per cent, of caustic soda to saponify

it, these quantities being rather less than is usual with

the oils.

Castor oil is used with some degree of success in

lubricating very heavy and quick running bearings of

machinery : in such there is usually great friction accom-

panied by some heating, and castor oil resists those

influences better than most other oils.

Castor oil cannot be mixed with hydrocarbon or mineral

oils ; it can be mixed with other fatty oils.

CONSTANTS OP GASTOE OIL.

Specific Gravity at 15° C. (60° F.) . . 0-960 to 0-966.

„ 100° G. (212° P.) . . 0-9096.

Solidifying Point, 17 to 18° C. (1° to 1° P.).

Eeichert Value, 1-6 cc. ^ KOH.

Saponification Value (Koettstorfer Test), 17-8 to 18 per cent. KOH.
Iodine Value (Hubl Test), 83-6 to 84 per cent.

Acetyl Value, 153-4 per cent.

Maumene Test, 46° C.

Viscosity at 70° P . 1220.

„ 100° P 270.

,,120° P 170.

„150°P 129.
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CONSTANTS OP PATTY ACIDS OP CASTOR OIL.

Specific Gravity at 15° C. (60° P.) ... 0-9509.

„ 100° C. (212° P.) . . . 0-896.

Solidifying Point, 3° C. (27-5° P.).

Melting Point, 13° C. (57° P.).

Molecular Weight (Combining Equivalent), 292.

Iodine Value (Hubl Test), 90 per cent.

OLIVE OIL.

The olive is the fruit of the tree Olea Europea, which

grows very abundantly in those countries of Europe, Asia,

and Africa that border on the Mediterranean. It is exten-

sively cultivated in Italy, North Africa, Grecian Archipelago,

Spain, and Asia Minor, from all which places olive oil is

exported. The olive is a fruit resembling the plum, and of

about the same size. There are certain variations of the

olive grown in different localities due to climatical differences

and in the mode of cultivation. The fruit is collected when

just ripe, and in that condition it yields the finest quality of

oil. Olive oil is yielded by the pericarp or pulp which

surrounds the kernel. The kernel also is capable of yielding

oil, but it is interesting to note that the oil yielded by the

kernel is different to that given by the pulp. The olive oil

is obtained from the fruit by pressure ; some portion is also

separated by use of solvents. The simplest method which,

has been in use for a long time consists in pressing in a

primitive mortar, and separating the oil which flows out.

Generally the pulp is put into a large tub or tank and

subjected to pressure. The oil which flows out is known as

" virgin oil ". It is of fine quality, and used chiefly for

edible purposes. There is a considerable proportion of oil

left in the pulp, and this is usually extracted by boiling the

pulp with water, then subjecting the residual pulp to a

second pressure. A rather poorer quality of oil is thereby

obtained. This quality of oil is chiefly used for lubricating,

soapmaking, and general industries. A poorer quality is
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often got by subjecting the residual cake from this second

pressing to extraction by means of bisulphide of carbon.

This gives a lower grade of oil used for the commonest

purposes, and generally knovyn as " sulphur '' olive oil.

One of the troublesome processes in the making of olive

oil is the separation of the oil from the watery juice after it

comes from the oil press. The universal custom is to collect

this mixture of water and oil as it drips from the press and

leave it for several hours, then to skim off the oil that has

risen to the top by reason of its lower specific gravity.

This skimming must be repeated every few hours till the oil

is entirely separated, for if not at once removed it begins to

acquire a bad taste from the fermentable substances contained

in the water. Besides the necessary labour, this process

requires a large room and a very expensive outfit of large

tanks. In order to avoid all this expense and trouble an

apparatus has been made that performs the work automatic-

ally and continuously, enabling the oil maker to have clear,

clean oil within two minutes from the time it leaves the

press. The apparatus, shown in Figure 48, consists essen-

tially of a tin tank about four feet high by two in diameter.

This tank is kept constantly full of fresh wa.ter by means of

a pipe connected with some adequate supply, the level being

regulated by means of stopcock outlets. The juices and oil

from the oil press, charged with oil in an emulsified state, are

made to flow into the tank near the bottom, through a small

" drum " perforated on the top, from which a stream of fresh,

water escapes in vertical jets. These two currents of oil and

fresh water at once mix, and the oil passes upwards by

reason of its lightness. Being in very small drops, it is

washed of its heavier impurities (tissue, colouring matter,

etc.J, and reaches the top of the column of water in an almost

perfect clean state, having left all grosser impurities to be

carried off through an escape pipe at the bottom. When
13



194 LUBRICATING OILS.

sufficient oil has been collected at the top, a stopcock is

opened, and the oil runs off, ready to be clarified.

Olive oil varies considerably in its quality. The best oils

have a yellowish colour, while some of the inferior qualities

are of a greenish-brown tint. In some cases the oil has

a greenish tint. The specific gravity ranges from 0'916 to

Pig. 48. Oil Separator.

0"919 at 60° F., the presence of much free acid lowering it.

The best quality of olive oil contains usually about 2 per

cent, of free acid. Certain grades of what are known as

" huiles tournants," prepared from very ripe and fermented

fruits, which are largely used in dyeing, contain as much as



OLIVE OIL. 195

25 per cent, of free acid. The odour of olive oil is pleasant

and peculiar ; the taste is sweet and bland. When cooled

down olive oil deposits stearin and becomes solid at 6° C.

(23° F.). It requires from 191 to 19-06 per cent, of KOH to

saponify it. It absorbs iodine, and when mixed with sul-

phuric acid gives rise to an increase in temperature of 41° to

45° C. One property of olive oil is that, when mixed with

nitrous acid or nitrate of mercury, it becomes solidified, being

converted into elaidin. This property is not possessed to the

same degree by any other oil. Olive oil is largely adulterated,

the usual adulterants being cotton seed oil and mineral oils,

but the character of the adulteration varies from time to time.

The presence of cotton seed oil tends to increase the specific

gravity, that of mineral oils tends to reduce it, while at the

same time their addition reduces the flashing point of the oil.

To determine the purity of oUve oil regard must be paid

to the specific gravity, flashing point, Koettstorfer test, Hubl

iodine value, and the Maumene sulphuric acid test and

elaidin test.

Olive oil is not as largely used now for lubricating

machinery as formerly. It is often added to mineral oils in

preparing spindle and loom oils. When free from acid it is

a very good lubricant and works well. Olive oils which

contain a large proportion of free acid are not suitable for

lubricating machinery, the free acid having too strong an

action on the machinery, forming soaps which cake on the

bearings, and increase vibration and friction.

CONSTANTS OP OLIVE OIL.

Specific Gravity at 15° C. (60° P.) . .' 0-916 to 0-919.

„ 100° C. (212° P.) . . 0-862.

Solidifying Point, 6° C. (23° P.).

Insoluble Patty Acids (Hehner Value), 95-4 per cent.

Reiohert Value, 0-3 cc. ^ KOH.

Saponification Value (Koettstorfer Test), 19-1 to 19-6 per cent. KOH.



196 LUBRICATING OILS.

Iodine Value, 80 to 83 per cent.

Maumene Test, 41-5° to 45° C.

Viscosity at 70° F. . . . . 120.

„ 100° P. . . . . 60.

„ 120° P •
. 45.

„ 150° P . . 30.

CONSTANTS OP PATTY ACIDS PROM OLIVE OIL.

Specific Gravity at 100° C. (212° P.), 0-8749.

Solidifying Point, 21° C. (70° P.).

Melting Point, 26° 0. (79° P.).

Molecular Weight (Combining Equivalent), 280.

Iodine Value, 86 to 88 per cent.

RAPE AND COLZA OIL.

The oils known under these names are obtained from

various species of Brassicm, the rape and the cole plants,

which are largely cultivated, especially in North Germany,

France, Belgium, Eussia, and India. The largest propor-

tion of rape seed imported into this country comes from

the Black Sea and Baltic ports. The oil is obtained from

the seed by pressure, the yield of oil being from 30 to 45

per cent. ; the crude oil being known as " brown rape oil,"

and containing a good quantity of moisture, mucilage, and

colouring matter. This is refined into rape and colza oils.

In this country colza oil is the name given to the most

highly refined variety of rape oils. On the Continent it

is the custom to distinguish the oils obtained from

different species of the plant. Eape oil is refined by treat-

ment first vdth sulphuric acid and then caustic soda. If colza

oil is wanted these operations are repeated.

Refined rape oil has a pale yellow colour, is limpid, has

a peculiar and characteristic odour, and an unpleasant harsh

taste. When exposed to the air it becomes slightly more

viscid. When boiled with caustic potash it yields a reddish

colour, and requires 17"5 to 17'9 per cent, of caustic

potash (KOH) to saponify it. Its saponification value is
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about 320. It combines with a large proportion of iodine.

Sulphuric acid has a strong action, giving an increase in

temperature of from 64° to 65° C. ; the specific gravity at

15° C. (60° F.) ranges from 0-913 to 0-915, at 100° C.

(212° F.) the specific gravity is 0'863. Commercial samples

of rape oil often contain small quantities of free fatty acids
;

the proportion ranges from 0'5 to 5-5 per cent. The acids

found in rape oil consist chiefly of oleic and stearic acids

;

in addition there is rapic acid, and probably an acid of

the linolenic series.

Rape oil has a considerable viscosity and hence has been

largely used for lubricating machinery, but of late years

mineral oils have taken its place. It is largely used in

admixture with mineral oils for lubricating looms and other

machinery. Its labricating powers are very good. It has

however a slight tendency to dry on the bearings or "gum";

the freer the oil from acid the less this tendency.

Rape oil is rarely adulterated, but when this is the case

the fact of adulteration is readily ascertained.

CONSTANTS OP BAPE OIL.

Specific Gravity at 15° 0. (60° P.) . . 0-913 to 0-916.

„ 100° G. (212° P.) . . 0-8632.

Solidifying Point, 2° to 10° 0. (80° to 14° P.).

Insoluble Patty Acids (Hehner Value), S5 per cent.

Saponification Value (Koettstorfer Test), 17-5 to 17-9 per cent. KOH.
Iodine (Hubl Test), 100-8 to 102-6 per cent.

Eeiohert Test, 0-25 cc. H KOH.

Maumene Test, 51° to 60° C.

Viscosity at 70° P. . . . . 135.

„ 100° P 55.

„ „ 120° P 45.

„ 150° P 28.

CONSTANTS OP PATTY ACIDS OP RAPE OIL.

Specific Gravity at 100° C. (212° P.), 0-8438.

Solidifying Point, 18-5° C. (65° P.).

Melting Point, 18-5° to 21-5° 0. (65° to 70° P.).

Molecular Weight (Combining Weight), 320.

Iodine Value (Hubl Test), 99 to 103 per cent.
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GEOUND NUT OR AEACHIS OIL.

This oil is obtained from the nuts of the Arachis Hypogea,

cultivated in various countries (chiefly in Africa) on account

of its oil-yielding qualities, the seeds containing some 45 to

50' per cent, of oil. Ground nut oil is of a pale yellow to

almost colourless oil. It has a peculiar nutty odour and

taste ; its specific gravity ranges from 0'915 in the best

qualities to 0'920 in the commoner qualities. It saponifies

readily with caustic potash, taking from 19 to 19"5 per

cent, of caustic potash (KOH) for complete saponification.

It has but little tendency to become rancid on keeping,

but when exposed in thin layers to the air it is rather

more prone to oxidation than is olive and lard oils ; hence it

does not form a satisfactory lubricating oil, and although

from time to time it is used for this purpose, yet it is

but rarely employed.

In its chemical composition ground nut oil is some-

what peculiar, inasmuch as it contains palmitin, olein,

stearin, and the glycerides of arachidic and hypogseic acids,

which are almost peculiar to this oil. In many of its

properties ground nut oil closely resembles oHve oil. The

presence and amount of arachis oil in any sample of oil,

may be detected by separating out the arachidic acid.

The best process for doing so is that devised by Eenard.

It is as follows : A quantity of the ground nut oil or other

oil is thoroughly saponified by means of caustic potash or

caustic soda, and the resulting soap decomposed by means

of acids, the fatty acids being collected, well washed, and

dried. 9'5 grammes of these acids (which may be con-

sidered as equal to 10 grammes of the original oil) are

taken, dissolved in alcohol and a solution of lead acetate

in alcohol added, which precipitates the fatty acids as lead

soaps. These are collected on a filter, washed with a

little alcohol, and then treated with ether several times
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until the ether is no longer discoloured on adding a drop

of ammonium sulphide. The ether dissolves out the

oleate and hypogseate of lead, leaving the other soaps

insoluble. The residue is boiled with dilute hydrochloric

acid until the lead soaps are thoroughly decomposed.

When the mixture is allowed to cool the fatty acids form

a solid mass on the top of the acid liquor. They are

collected and dissolved in alcohol by heat. The solution

is allowed to cool, when crystals of arachidic acid separate

out ; these are washed with weak alcohol of about 0'890

specific gravity, then dissolved in alcohol, the solution

evaporated in a white basin, and the residual fatty acid

weighed. By multiplying the amount of acid obtained

by 20, the weight of arachis oil present will be obtained

with some degree of approximation.

CONSTANTS OF ARACHIS OIL.

Specific Gravity at 15° C. (60° P.) . . 0-917 to 0-922.

„ 100° C. (212° P.) . 0-8673.

Solidifying Point, 3° to 7° C. (26-5° to 19-5° P.).

Insoluble Patty Acids (Hehner Value), 95-86 per cent.

Saponification Value (Koettstorfer Test), 19-13 to 19-7 per cent. KOH.
Iodine Value (Hubl Test), 98 to 90 per cent.

Maumene Test, 51° 0.

CONSTANTS OP PATTY ACIDS OP ARACHIS OIL.

Specific Gravity at 100° C. (212° P.), 0-8475.

Solidifying Point, 28° C. (82-5° P.).

Melting Point, 29-5° C. (85° P.).

Iodine Value, 96-5 per cent.

Molecular Weight, 282.

NIGER SEED OIL.

This oil is obtained from the seed of the Guizotia

Oleifera, and it is of a pale yellow colour, with but little

odour, and has a sweet taste. It is rather more limpid

than rape, oil ; its specific gravity is 0'924 to 0"928. Niger

seed oil is a semi-drying oil, ranking between cotton seed
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and linseed oil in its drying properties. It is therefore

not suitable for lubricating machinery on account of its

tendency to gum, owing to its oxidation by absorption of

oxygen. It has been occasionally used for this purpose.

FISH OILS.

ARCTIC SPERM OIL.

This oil is obtained from the Arctic sperm or bottlenose

whale {Balcena Bostrata). The oil is found in the blubber

surrounding the body of the whale, and is extracted from

it in the usual manner. As first obtained, the oil contains

much spermaceti ; this is extracted by refrigerating or

cooling, and subjecting the cooled oil to pressure and

filtering.

Arctic sperm oil is a limpid oil, of a pale yellow colour
;

its odour is, as a rule, in well-prepared oils but slight, and is

of a fishy nature. Well-made sperm oil will deposit but

little solid matter when subjected to cold.

It is not liable to become rancid by keeping. It retains

its viscosity under the influence of heat better than any

other oil. For lubricating quickly moving light machinery,

like spinning spindles, there is no better oil, but it is not

suitable for heavy machinery. It has no tendency to dry up

and become gummy on the bearings, nor has it any corrosive

action on them.

A very similar oil is the

SOUTHERN SPERM OIL.

This is obtained from the true sperm or cachalot whale

(Fhyseier Macrocephalus) , which is notable for the enormous

size of the head. It is an inhabitant of the Pacific and

Indian Oceans, but is becoming scarcer year by year. The

Southern sperm oil is the original sperm oil, the Arctic

variety being of more modern introduction.
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This oil is found in the head cavity, a large vessel which

will hold as much as 200 barrels full of oil. It is also ob-

tained from the blubber of the whale. That from the head

is usually considered to be of better quality than that from

the blubber, but that is doubtful. On cooling, the oil as it

comes from the whale deposits spermaceti, and the modern

methods of refining have for their object the extraction of as

much spermaceti as possible from the oil.

There does not seem to be any material difference

between the two varieties of sperm oil except in price, the

Southern sperm being the more expensive ; some users con-

sider it to lubricate better than does Arctic sperm. It will

be convenient, therefore, to discuss the chemical and physi-

cal properties of these two oils together under the name of

sperm oil.

Sperm oil is a thin, limpid oil of a pale yellow colour,

having a fishy odour and taste which is but slight. It is

very Hght in specific gravity—0-880 to 0-884 at 60° F.—if

•anything, Arctic being a fraction heavier than the Southern

sperm oil. It is therefore the lightest of all natural oils.

It differs markedly from all other oils insomuch as it is not

a glyceride, but resembles the waxes in its chemical com-

position, being a compound of fatty acids with alcohol

radicles. The acid or acids belong to the oleic series, for it

•or they can be elaidinised, but up to the present they

have not been isolated. The alcohols, also, have not been

separated. The amount of caustic potash required to

saponify sperm oils is low, from 12-3 to 14-7 per cent. KOH.
The oil contains from 39 to 41 per cent, of alcoholic bodies.

Sulphuric acid gives rise to an increase of heat of 47° to 51°

C., and gives a yellowish brown mass, which distinguishes

sperm oil from other fish oils. This oil absorbs from 81 to

84 per cent, of iodine. The two varieties of sperm oil can-

not be distinguished from one another by any chemical test;
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there are some small differences in the odour and taste by

means of which an expert can distinguish between them.

Sperm oils are frequently adulterated, but their peculiar

properties enable the analyst to detect this adulteration.

The best tests to apply are the specific gravity, Koettstorfer

test, and flash point. When boiled with caustic soda or

potash, sperm oils give a red coloration.

CONSTANTS OF SPERM OIL.

Specific Gravity at 15° C. (60° F.) . . 0-875 to 0-883.

„ 100° C. (212° F.) . 0-803.

Saponification Value (Koettstorfer Test), 12-5 to 14 per cent. KOH.
Iodine Value (Hubl Test), 84 per cent.

Beichert Value, 1-3 cc. ^ KOH.

Fatty Acids, 60 to 64 per cent.

Alcohols, 39 to 41 per cent.

Maumene Test, 51° C. (124° F.).

Arctic. Southern.

Viscosity at 70° F. . . . 65 68

„100°F. ... .37 31

„120°F. . . . 29 26

,,150° P. . 21 20

CONSTANTS OF FATTY ACIDS FROM SPERM OIL.

Specific Gravity at 15° C. (60° F.), 0-899.

Solidifying Point, 11° to 12° C. (52° to 53° F.).

Melting Point, 18° C. (55° F.).

Combining Equivalent (Molecular Weight), 281 to 290.

Iodine Value, 85 per cent.

WHALE OIL.

This is also known as train oil and sometimes as blub-

ber oil. It is obtained from the blubber of various species

of whales, of which the principal is the Greenland or right

whale {Balcena Mysticetus), which is an inhabitant of the

Arctic seas. From the blubber of this whale about 125

barrels of oil are obtained. The Polar whale {Balmna

Glacialis) is found on the coasts of Greenland, Iceland and

Northern Norway. The yield of oil from this whale aver-
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ages about ninety barrels. The humpback whale {Balmnop-

tera Boops) and the " finner " whale {Balcenoptera Gibbar) are

natives of the Northern seas ; they yield a good quantity of

oil, usually of good quality. The common whale (Balcena

Rostrata) is a usual inhabitant of the seas north of Scot-

land, and yields a small amount of oil. Other species of

whale are caught in the Southern seas. Generally, no

attempt is made at keeping the oil from each species of

whale distinct, although it is reasonable to suppose that

there will be some difference in the chemical composition

and properties of the oil obtained therefrom. The blubber of

the whale varies in thickness from eight to twenty inches.

At one time the oil was obtained from it by very crude

means : the blubber was cut up into small pieces, placed on

racks, and the oil allowed to drain from it. This it was en-

abled to do by the openness of texture of the blubber, and

also by the animal tissue becoming decomposed. The

result, however, was the production of a quality of oil, dark

in colour, possessing a very strong odour and containing a

great deal of free acid. To purify the oil it was usual to

heat it up to a temperature of about 220° F., which de-

stroyed the odour, and then to boil it with water for about

an hour, after which it vs^as allowed to settle and the oil run

off into casks.

A better method is, however, now largely adopted. The

fresh blubber is cut up into pieces and boiled with water to

liberate the oil from it. This method is described in detail

on page 132. This process yields an oil much paler in

colour, freer from odour, and more neutral in properties than

is obtained from the old method.

Whale oil is a very variable product. In colour it ranges

from a straw yellow—"pale Norwegian whale oil"—to a

reddish brown—" brown whale oil "—the fresher the blubber

the paler the oil. Some varieties of crude whale oil deposit



204 LUBRICATING OILS.

stearin on cooling ; this stearin is usually separated out and

used in the preparation of soap. The specific gravity ranges

from 0-920 to 0-931 at 60° F. ; it requires from 19 to 20 per

cent, of caustic potash to saponify it ; it absorbs 80 per cent,

of iodine and 50 per cent, of bromine. The increase in

temperature with sulphuric acid ranges from 85 to 91° C.

Sulphuric acid also produces a purple colour with whale oil.

The chemical composition is rather variable ; some samples

contain glycerides of low fatty acids, and when subjected to

the Eeichert test, the distillate takes from 5 to 12 cc. of

decinormal alkali. The fatty acid most common is valeric

acid.

When boiled with caustic soda or caustic potash, whale

oils give a red coloured soap.

Whale oil is a cheap oil and is rarely adulterated, and

then usually with mineral oil. It is employed in soap-

making, in illuminating, and to a small extent the better

qualities are used as lubricants. In this capacity they give

fairly good results when used on shafting, machinery bear-

ings, and mixed with mineral oil they work fairly well for

looms and spindles of textile machinery ; it is important,

however, that none but the best qualities should be used for

this purpose.

CONSTANTS OF WHALE OIL.

Specific Graviby at 15° C. (60° P.) . . . . 0-925.

„ 100° C. (212° P.) . . . 0-8725.

Solidifying Temperature, 2° 0. (30° P.).

Insoluble Patty Acids (Hehner Value), 93-5 per cent.

Eeichert Value, 2 to 12 cc. ~- KOH.

Saponification Value (Koettstorfer Test), 18-8 to 19-4: per cent. KOH.
Iodine Value, 110 per cent.

Maumene Test, 91° C.

Viscosity at 70° P. . . . 112.

„100°P 55.

„120°P 86.

„ 150° P .30.
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SEAL OIL.

Various species of seals, such as Phoca foetida, the harp

seal, Phoca Greenlandica, the hooded seal, Orystoplwra Gristata,

Phoca barhata, yield a fairly large quantity of oil varying of

course in amount in the different species of seals, the larger

varieties from 20 to 26 gallons being usually the yield. The

seal fishery is a very important one in and around the coasts

of Newfoundland, Greenland, and North America, the seals

being captured for the sake of their skins and oil. The oil

is extracted from the blubber by the same process as whale

oil. No attempt appears to be made to keep the oil from

various species of seal separate.

Seal oil, like whale oil, varies considerably from a light

straw-coloured oil, with a very slight fishy odour, to a brown,

strongly odorous oil ; the specific gravity ranges from 0"924

to 0'929 ; it requires 19 per cent, of caustic potash to saponify

it ; it absorbs 91 per cent, of iodine or 57 per cent, of bromine.

It is used for a variety of purposes, soapmaking, illuminat-

ing, and, to a small extent, for lubricating machinery, its

lubricating properties being similar to those of whale oil.

CONSTANTS OP SEAL OIL.

Specific Gravity at 15° C. (60° P.) . . 0-915 to 0-920.

,, 100° C. (212° P.) . . 0-87.33.

Solidifying Point, 3° 0. (26-5° P.).

Insoluble Patty Acids (Hehner Value), 94 per cent.

Eeichert Value, 0-2 oc. ^ KOH.

Iodine Value, 127 to 130 per cent.

Maumene Test, 92° C.

Viscosity at 70° P 75.

„100°P 50.

„ 120° P 32.

„ 150° P. . .... 25.

PREPARED OILS.

BLOWN OR THICKENED OIL.

Many oils, such as rape, cotton seed, olive, ground nut,

sperm, neatsfoot, etc., have the property of absorbing oxygen
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and thereby becoming thick and viscid. This property is

taken advantage of in the production of heavy viscid oils

used in conjunction with mineral oil for the purpose of

preparing lubricants for heavy machinery. The two oils

which are most commonly used for this purpose are rape

oil and cotton seed oil, on account of the fact that they

PiQ. 49. Plant for Blowing Oils.

absorb oxygen much more quickly than the other oils, and

can therefore be thickened up much quicker.

The operation may be carried out in a tall cylindrical

pan, the bottom portion of which may be jacketed for the

application of steam heat, or the steam may be sent through

a steam coil. The arrangements ought to be made so that
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a current of cold water can be passed either through the

steam jacket or the steam coil for the purpose of regulating

the temperature during the operation. Air is blown in

through a vertical pipe which passes down nearly to the

bottom, the air being blown in by an air pump, a rotary

blower, or a centrifugal pump. For the purpose of bringing

the oil into intimate contact with the air, the air pipe is

usually made to terminate in a perforated coil or cross piece,

or it may terminate in a perforated box.

Figure 49 is a drawing of Veitch Wilson's apparatus. The

vertical air pipe is open at the bottom of the pan and about

one inch above the opening in the bottom of the inverted

truncated cone, the greatest diameter of which is about

one-third of that of the pan, while the opening in the bottom

is the same as that of the air pipe. The inverted cone is

supported in the centre of the bottom of the pan by stays

bolted by short screws to the sides and bottom of the pan.

When air is driven through the central pipe it impinges

upon the oil at the narrow opening in the cone, and by

setting it in motion induces a downward suction and a

circulating motion affecting the whole contents of the pan.

The apparatus shown in Figure 44 for bleaching fats by air

may also be used for this purpose.

The operation of thickening oils is carried on as follows :

The pan is filled half full of oil. Steam is then sent into

the jacket or coil, and the temperature of the oil raised to

160° or 170° F. The air which is sent in should also be

heated to the same temperature. The air is then blown in.

In a short time the oil begins to oxidise, and the temperature

shows signs of rising. When this happens the steam is

turned off or otherwise regulated, so as to maintain a uniform

temperature. Should the temperature show signs of rising

too much, then means must be taken by using the current

of cold water or otherwise of reducing it down to that
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required. The operation extends from eighteen hours tO'

forty-eight hours, the variation in length of time being

brought about by the differences in the quaHty of the product

which it is desired to make, and by the conditions under

which the operation is carried on. Given sufficient length

of time, products may be obtained of almost any required

degree of specific gravity up to 0'985 or 0'999, and varying

in consistency from medium to very viscid or even solid oils.

The temperature of working also has some influence, the

higher it is the quicker the action proceeds ; the products

produced under these conditions are usually darker in

colour, and have a stronger odour than those produced at

low temperatures.

Thickened oils have a peculiar characteristic odour by

means of which they can be readily distinguished when

mixed with other oils. Boiled with caustic alkalies they

give a dark red coloration. They yield from 85 to 90 per

cent, of insoluble fatty acids, which shows that the operation

of blowing converts some of the original insoluble acids of

the oil into soluble ones. Another feature is that these acids

are not entirely soluble in petroleum spirit, which would

show that the acids had been converted into hydroxy acids.

The flashing point of the oil is lowered considerably. The

viscosity is increased ten to twenty times at the ordinary

temperature, but it is reduced rapidly by heat. They usually

contain more free acid than the unthickened oils.

Although these oils have now been in use for many years

as lubricants without any complaints having been made, yet

the author regards their use with some degree of suspicion

as likely to lead to gumming and the formation of deposits

on the machinery.

THICKENED RAPE OIL.

This oil is prepared from the ordinary rape oil ; the usual

specific gravity of the commercial article is 0"965 to 0"967,
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very nearly that of castor oil. It is viscid in character, clear

and transparent in appearance, light yellow in colour, and

has a faint peculiar odour. It mixes well with all other oils,

and is largely used for mixing with mineral oils. For the

production of engine oils and of oils for heavy machinery it

has been found fairly successful. The proportion usually

employed is 10 to 20 per cent, of the thickened rape oil to 90

or 80 per cent, of mineral oil ; in some cases other fat oils,

such as neatsfoot or animal oil, are used in addition. A few

figures relating to thickened rape oil are given below in the

table of constants.

CONSTANTS OF THICKENED RAPE OIL.

Specific Gravity at 15° C. (60° P.) . . 0'9668.

„ 100° 0. (212° P.) . . 0-9175.

Saponification Value (Koettstorfer Test), 22'12 per cent. KOH.
Patty Acids (Hehner Test), 87 '5 per cent.

Maumene Test, 65° C.

Iodine Value (Hubl Test), 95-5 per cent.

Bromine Value (Hehner Test), 63-5 per cent.

Viscosity at 70° P. . 1620.

„ 100° P 360.

„ 120° P. . 280.

„ 150° P. . . . . . 140.

Eeichert Test, 1-2 cc. ^ KOH.

Plash Point . . . 360° P.

Pire Test . . . 520° P.

LARDINE OIL.

This oil is prepared from cotton seed oil. It is made of

various gravities ranging from 0'967 to 0-980. In most of its

features it resembles thickened rape oil. It is usually, how-

ever, rather more cloudy in appearance, somewhat darker in

colour, and has a stronger odour. It is used in the same

way as thickened rape oil, and for the same purposes.

The heavier grades of lardine do not mix thoroughly with

mineral oils, and to enable them to blend it is needful to

have a large proportion, 40 to 5U per cent., of the lardine,

14
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or to use it in conjunction with some other fatty oil.

The lighter grades of lardine oils mix fairly well with

mineral oils in all proportions. The table below gives a

few figures relating to this product.

CONSTANTS OP LAEDINE.

Specific Gravity at 15° 0. (60° P.) . . 0-9817.

,, „ „ 100° 0. (212° F.) . . . 0-9240.

Saponification Value (Koettstorfer Test), 24-64 per cent. KOH.
Fatty Acids (Hehner Value), 91-4 per cent.

Maumene Test, 75° C.

Eeichert Test, 1-3 oo. ^ KOH.

Viscosity at 70° P. .



CHAPTER VI.

TESTING AND ADULTERATION OP OILS.

It is not intended in this chapter to enter very fully into all

the various tests that have been described and applied in the

testing and analysis of oils, but simply to describe a few

of the more simple and characteristic tests, so that oil

dealers may be able to ascertain whether a sample of oil

be pure, or whether it be a fit lubricant for the particular

purpose for which it is to be used.

The practical analysis of oils is one surrounded by many
difficulties, and to make a satisfactory analysis and to report

on the purity of a suspected sample demands a large and

varied experience among oils, an experience which it cannot

be expected that an oil user should possess. It is therefore

advisable to submit a suspected sample to a competent

analyst, and it is desirable that such an analyst should have

a special knowledge of oils. In fact it would pay large users

of oil to make special terms with such analyst to test every

lot of oil they have dehvered to them, to see that it is what

it is represented to be and that it is fit to use. In sending

a sample to an analyst to be tested, from 6 to 8 ounces

should be supplied, as satisfactory tests cannot be made with

less.

In judging the purity or otherwise of a sample of oil the

following tests are made :

—

1st. Specific gravity.

2nd. Alkah tests.

(211)
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3rd. Sulphuric acid tests.

4th. Free acid test.

5th. Viscosity test.

6th. Flashing point test.

7th. Evaporation test.

8th. Iodine test.

The 5th, 6th, and 7fch are applicable solely to mineral

oils or to mixed oils. It is useless to apply them to fatty oils,

because with these oils these factors are fixed quantities and

cannot be altered by any means. The method of making

these various tests will be described, and then

a few special tests for certain of the oils will

be noticed.

1. Specific gravity test. There are three

ways of determining the specific gravity of a

sample of oil: 1st, by a specific gravity bottle

;

2nd, by a hydrometer ; 3rd, by the Westphal

specific gravity balance.

The bottle method is the most accurate.

The specific gravity bottle is one made specially

Fig. 50. Specific for the purpose ; it consists (Figure 50) of a
Gravity Bottle. T , ,

small thm glass bottle, accurately stoppered,

and the stopper has a small thin tube bored through it so

that it will always hold the same volume of liquid when

filled.

The bottle is carefully filled with the oil to be tested,

taking care to avoid the formation of air bubbles, the

stopper is carefully inserted, the outside wiped clean and

dry, and the whole is weighed. The weight of water the

bottle holds is also ascertained. Then the weight of the oil

is divided by the weight of the water the bottle holds,

and the result is the specific gravity of the oil : thus

a sample of olive oil gave the following figures :

—
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Weight of bottle full of water

Weight of bottle

Weight of water

Weight of bottle full of oil

Weight of bottle

38'496 grammes.

13-496

25-000

36-387

13-496

22-891

22-891

25
= 0-91564, specifio gravity of the oil.

Fig. 51. Sprengel Gravity Tube.

Before filling the bottle with the oil, see that the

temperature of the latter is 60° F., which is the standard

temperature to which the specific gravities of all oils are

referred.

Sprengel's tube, which is a U-shaped tube with capillary-

tubes (Figure 61), turned at

right angles at the ends, is a

very convenient piece of appa-

ratus for the determination of

specific gravities where only

small quantities are available,

or it is desired to find the

gravity at a higher temperature

than 60° P. The apparatus is used in the following manner :

It is first weighed, then filled with water, and weighed

again ; then filled with the oil whose gravity is to be tested,

and weighed again. The tube, after being used for the

water, should be cleaned out by first filling with methylated

spirit, then with ether, and dried. If the gravity is to be

determined at some higher temperature, it suffices to suspend

the tube in a flask or beaker of water at that temperature,

and keep it there for a short time, then take it out, dry the

outside of the tube and weigh.

The hydrometer (Figure 52) method of determining

specific gravity of oil is the most in use by oil dealers and

consumers, and it is carried out as follows : The oil to be
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M

tested is placed in a cylindrical glass jar (Figure 53) and the

hydrometer^is immersed in the oil. The degree on the scale

- of the latter instrument, which is level with

the surface of the oil, is the specific gravity.

Hydrometers are made provided with a

J variety of scales, but what the oil tester wants

a IS two instruments, one with a scale ranging

from 0'730 to 0"860, and the other with a scale

from 0'860 to I'OOO. The latter includes all the

various grades of lubricating oils, and the former

includes all the gravities of the lighter naphthas

and burning oils. As a rule, the two mentioned

will be found sufficient, but if greater accuracy

is required then more instruments must be used

to take the same range of gravities. The special form of

hydrometer frequently sold under the name of " oleometer
"

is perfectly useless and should never be used.

Its divisions are arbitrary, and nobody seems

to understand them. This method of deter-

mining the specific gravity is subject to many
defects. A large quantity of oil is required to

float the instrument properly, a quantity which

is not always available. The accuracy of the

instruments, as ordinarily sold, is not to be

depended upon, inasmuch as the scale is not

adjusted for each particular instrument, and it

is impossible to make two alike in every respect—and to have

one especially graduated to ensure accuracy is a costly pro-

ceeding—and there are other minor defects.

The Westphal balance (Figure 54) method is a more accu-

rate one, and is just as easy to work as the hydrometer, while

the results are perfectly reliable. The Westphal balance is

simple and easy to understand, and gives the specific gravity

directly. The principal part of the apparatus is a glass

a
o

a
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bulb which has a volame of 5 cc. Consequently, when

immersed in water, it requires the balance arm to which it

^s attached to be loaded with a weight of 5 grammes to

restore the equilibrium. In liquids of lighter gravity pro-

portionately a smaller weight would be required, or in

heavier liquids a heavier weight. Eiders of 5, 0'5, 005,

and 0'005 grammes are supplied, and with these the

Pig. 54. Westphal Specific Gravity Balance.

specific gravity is easily ascertained. The position on the

balance arm of these weights gives the gravity at once

without any calculation being required. The balance is

used as follows : It is mounted in position, and by means of

the regulating screw at the base of the balance the two

pointers are brought into line with one another. Then the

glass jar is filled with oil, and the glass bulb immersed in
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the latter. The large rider is now placed on the beam at

the nearest division to produce equilibrium, then the next

rider, and so on, until the two pointers are again brought

into line. Then the numbers of the divisions are read off in

the order of the weights, and these give the specific gravity.

Thus, supposing the largest weight was on the 9, the next

on the 1, the next on the 8, and the smallest on the 3

divisions of the balance arm, the specific gravity is 0"9183.

The glass plummet supplied with the instrument takes

the form of a thermometer, the range of which is, however,

only a few degrees on each side of 60° F. By substituting

for this a plummet made of solid glass rod of exactly 5 cc.

in volume, it is possible with the Westphal balance to obtain

the specific gravity of oils at any temperature.

The balance does not give good results with very viscid

liquids like glycerine, thickened rape and cotton seed oils,

cylinder oils, and such should be tested with the bottle.

Temperature is an important element in testing the

specific gravity of oils, and therefore the temperature of the

oil at the time of testing must be noted. The standard tem-

perature is 60° F. (16° C), and, if possible, samples of oil

should be brought to this temperature before testing. Tem-

perature affects oils by decreasing the gravity as the tempera-

ture increases and vice versa. Although there are slight

differences among the various oils as to the amount of varia-

tion brought about by temperature, yet these variations are

slight, and, for the purposes of correction, may be neglected.

The difference in the specific gravity of an oil for 1° F. is

0'00035, and for 1° C. 0-00063. Using these factors, correction

for temperature may be made. Thus, suppose an oil has a

specific gravity of 0-915 at 57° F. At 60° F., the standard

temperature, it will have a gravity of 0'915 - (000035 X 3) =

0'91395. Similarly, an oil which at 64° F. has a specific

gravity of 0-918, at 60° F. its gravity will be 0-918 -|-
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(0-00035 X 4) = 0-9194. In other words, multiply 0-00035

by the number of degrees above or below 60° F. and add to

or subtract from the specific gravity found according as the

temperature is above or below the standard temperature of

60° F.

Too much stress must not be placed on the specific

gravity test. Like most other oil tests, its indications are

often of a negative character. It will not tell what an oil is,

but what it is not. Thus it will not say that a given sample

of sperm oil is pure, but it will say when an oil is not pure.

Thus a sample of oil said to be sperm may have the right

specific gravity (0-880), but for all that it may not be pure,

and other tests must be made to decide this point. On the

other hand, suppose that this test shows it to have a specific

gravity of O'BTO, the oil may be immediately condemned as

impure.

The determination of the specific gravity of solid fats like

tallow, palm oil, etc., is rather more troublesome than is that

of liquid oils, and any method which may be adopted leaves

room for doubt as to the accuracy of the result. A simple

but only approximate method is to melt the fat at not too

high a temperature. Then pour it into a specific gravity

bottle and allow it to cool down to 15° C. (60° F.), and then

weigh. This plan is objectionable on account of the great

contraction which some fats undergo on cooling down, which

may result in the bottle not being quite full of fat, and so a

low and erroneous result will be obtained. Another plan is

to have a wide glass tubs fitted with a cover which can be

pressed down tightly. The glass is first weighed full of

water, then cleaned with the melted fat, which is allowed to

cool down. The cover is put on and screwed down tightly,

and the glass weighed again.

Another plan which is greatly used is'to take advantage

of the fact that fats or oils will just float in mixtures of
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alcohol and water of the same specific gravity. The modus

operandi is as follows : The fat is just melted and then

allowed to drop into alcohol, whereby it is converted into

spherical drops. Mixtures of alcohol and water of various

gravities, 0'945, 0-940, 0'935, etc., are employed. The

globules of fat are dropped in each of these alcohol solutions

until one is found in which the fat floats ; the specific gravity

of that alcoholic solution corresponds with that of the fat.

TABLE OF SPECIFIC GRAVITIES OF FATTY OILS AT 15° 0.

(60° F.).

Almond Oil 0-919

Araohis (Ground Nut) Oil ... . 0-920

Castor Oil 0-964

Coconut Oil 0-925

Cotton Seed Oil 0-923

Linseed Oil 0-932

Olive Oil . 0-915

Palm Oil ... .
0-940

Eape Oil ... .
0-914

Sesame Oil 0-923

Lard Oil . . . . ... 0-912

Tallow Oil .... 0-912

Neatsfoot Oil 0-914

Tallow . 0-940

Sperm Oil 0-883

Whale Oil 0-925

In the summaries of the constants given under each oil,

gravities at other temperatures are given.

2. Alkali tests. As has already been explained the alkahes

caustic soda and caustic potash convert the fatty oils

into soap, but they have no action on hydrocarbon oils,

except to form an emulsion from which the oil gradually

separates out on standing.

Alkalies can be used in the testing of oils in three

ways : first, to ascertain whether an oil is a pure fat

or an hydrocarbon oil, or a mixture of both ; and in the

first case by noting differences in the colour and appearance
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of the soap formed to determine the character of the fat oil

present.

The method of applying this test is as foUows : A
solution of caustic soda or caustic potash (the latter has the

strongest action on oils and very often gives the best results)

is prepared, having a specific gravity of 1"340 (68° Tw.)-

Two volumes of this solution are shaken up in a test

tube with four volumes of the oil Fat oils will combine

with the alkali and form an emulsion, from which very little

oil will separate on standing, and the aqueous layer always

has an emulsified appearance. Hydrocarbon oils only form a

slight emulsion. The oil separates out on standing, leaving

the aqueous layer quite clean or with only a faint cloudy

appearance. A mixed oil will vary in appearance according

to the proportion of the two oils present : if hydrocarbon oils

are in the largest proportion, they will form a layer on the

top and the aqueous layer will be emulsified ; if the fat oil is

in the largest proportion, then it will often be difficult to

detect the mineral oil, but a httle experience with this test

will soon enable users of it to detect small quantities of

hydrocarbon oil. A method of detecting mineral oils in fat

oils which is more certain, and will show 2 or 3 per cent., is

to dissolve a piece of caustic potash about the size of a

pea in 6 cc. of alcohol, then add a few drops of the oil to be

tested and boil for two or three minutes and add 3 or 4 cc.

of distilled water. If the solution remains clear only a fatty

oil is present. Mineral oil causes the solution to be turbid,

and even so small a quantity as 2 per cent, will show itself

in this way.

The amount of mineral oil in mixed oils is best

ascertained as follows : 25 grammes of the oil are mixed

with 10-15 cc. of the caustic alkali solution and 25 cc. of

water and 5 cc. of alcohol ; the mixture is boiled with

constant stirring for about an hour, by that time the fat
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oil will be saponified. The mixture is then put into a

separating funnel, more warm water and 25 cc. of petroleum

ether added. The whole is shaken together for a few

minutes, then allowed to stand, when it separates into

two layers. The upper layer consists of the petroleum ether

with the mineral oil, the lower is an aqueous layer contain-

ing the soap made from the fatty oil. This is run off, clean

water added, the mixture shaken up and again allowed to

stand, and the aqueous layer again run off. This operation

is repeated until the aqueous layer runs off clear. The

ethereal layer is now run into a weighed glass, the ether

evaporated off and the residual oil weighed. The weight

multiplied by four gives the percentage of mineral oil in

the sample.

Koettstorfer's saponification test is one of the most

important tests that can be applied to oils, fat oils especially.

This is carried out as follows : Two standard solutions are

required : one of caustic potash dissolved in alcohol aq^

containing about 28 grammes pure KOH in one litre of

alcohol ; the other is a solution of sulphuric acid containing

24"5 grammes HgSO^ per litre. Both these are what are

called by chemists semi-normal solutions. An alcohol solu-

tion of phenol phthalein is used as an indicator; this body is

colourless, but alkalies turn it of a deep red colour; acids

destroy this colour. The solution should be rendered of a

faint pink tint by adding a drop or two of caustic potash.

Two grammes of the oil or fat are accurately weighed in

a flask, and 25 cc. of the alcoholic solution of potash are

measured and added. The flask has fitted to it a long glass

tube which acts as a condenser. The flask with its con-

denser tube and contents is heated in a water bath, the flask

being shaken at intervals till the oil is thoroughly saponifled,

which will take place in about thirty minutes. The flask is

then removed, and the contents allowed to cool. A small
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quantity of the phenol phthalein solution is added, and the

standard acid solution run in from a burette drop by drop

until the red colour of the mixture disappears. 25 cc. of

the potash solution are now boiled in the flask (which has

been previously cleaned out) alone for half an hour, and then

the contents are titrated with the standard acid as before.

The difference between the two amounts of acid used shows

the quantity of potash required to saponify the oil. This

difference multiplied by 0"028 gives the weight of KOH in

grammes ; this multiplied by 100 and divided by the weight

of oil gives the weight of KOH (potassium hydroxide)

required to saponify 100 parts of oil.

Methylated spirit may be used for making the alcohol

solution of potash providing it be purified by distillation

over lime and caustic soda as follows :

—

The spirit is first placed in a bottle with a small quantity

of quicklime and a piece of caustic soda, and allowed to

stand for twenty-four hours, being shaken up at intervals.

The spirit is next transferred to a retort or flask, and a little

fresh lime and soda added. It is then distilled on the water

bath till about 95 per cent, has come over ; the remaining 5

per cent, is thrown away. This process frees the spirit from

impurities which gradually act on the potash, cause it to

become dark brown, and this coloration interferes some-

what with the operation of titrating with the acid. A slight

brownness does not make much if any difference. It disap-

pears along with the red colour due to the phenol phthalein

at the end of the titration.

Tbe reason for boiling 25 cc. of the potash alone is also

due to the spirit or alcohol containing impurities which

destroy the potash on boiling, and would therefore cause the

oil to appear to have a high saponification value ; but this

error is eliminated by the method of carrying out the test

described above.
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As a rule, oils that resemble olive oil require from 19 to

19'5 per cent, of potash ; rape oils from 17 to 17'6 per

cent. ; drying oils from 18'.5 to 19 per cent. ; whale oils,

18"75 per cent. ; solid fats like tallow, 19-25 to 19"8 per cent.;

coconut oil, 22 per cent. ; butter, 24 per cent. ; and sperm

oils, 12"3 to 14 per cent, of potash for complete saponification.

Adulteration of fat oils with mineral oils would show

itself by an abnormally low percentage of potash being re-

quired ; and it would be possilsle to calculate the amount of

adulteration from the figures which have been obtained by

multiplying the percentage of potash by five, which will

give approximately the percentage of fat oil in the sample.

3. Sulphuric acid tests. There are two different tests

which can be made by means of sulphuric acid on oils. One

is a colour test, the other is temperature test.

(1) Colour test. This is a most useful test for fat oils, but

one where great experience and a close, observant eye are

required. This test must be carried out only in bright day-

light, so that shades of colour can be clearly discerned. It

quite fails when done by gaslight or a dull daylight. The

modus operandi can be varied somewhat, but it is essential

in applying this test that it must always be made in the

same manner, as the results are slightly different if the

manner of making the test is varied. A good method is to

place twenty drops of the oil in a clean white basin, and then

add two drops of strong sulphuric acid. As the acid falls

through the oil streaks of colour show themselves, and a tint

of characteristic colour gradually spreads through the oil.

After a minute or two the oil and acid can be stirred

together, and the colour again noted. This test should first

be made with samples of known purity, so as first to gain

some experience of it, and, when testing unknown samples,

comparative tests with pure oil should also be made.

Vegetable oils give various colours, usually shades of yellow.
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brown, or green ; fish oils turn off a violet or purple colour
;

animal oils turn red or reddish brown. Hydrocarbon oils

turn a blackish brown, but this effect is usually very slight.

The experimenter had best construct his own table of

shades of colour. It is very difficult to convey by words

what is actually meant by a colour name.

(2) Temperature test. This it known as Maumene's test,

and is a very useful test and one that is easily made.

20 cubic centimetres of the oil are measured into a small

beaker and a thermometer placed in it and its temperature

noted. 8 cc. of strong sulphuric acid, sp. gr. 1"845, are then

added and the oil and acid thoroughly stirred together with

the thermometer as long as the temperature is observed

to rise. The highest point which is reached is noted,

and the initial temperature being subtracted the difference

will be the increase in the temperature caused by the action

of the acid on the oil ; and it will be found that the different

oils show certain variations in the amount of increase they

produce, as seen in the following table :

—

Oils. Increase in Temperature.

Olive Oil

Sperm Oil

Rape Oil .... . .

Rape Oil (Thickened) . . .

Cotton Seed Oil . . . .

Neatsfoot Oil

Tallow Oil

Castor Oil

Rosin Oil .

Petroleum Lubricating Oil ,

Scotch Shale Oil ... ,

Linseed Oil

gs. C.
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and between drying and non-drying oils, drying oils yielding

much higher figures, the action is more energetic, and there

is generally a quantity of sulphurous acid gas evolved

(distinguished by its odour of burning sulphur) ; differences

may also be noticed when carrying out this test on the colour

and consistence of the resulting mass, which may be

utilised as qualitative tests for the oils. The thickened rape

and cotton oils are more heated than the normal oils. These

figures must not be taken as a standard of comparison, but

they are simply given to show the general tendency of this

valuable test. It is found that different observers obtain

slightly different figures, although their own figures are

concordant enough. This is due to slight differences in the

conditions of carrying out the test, which will naturally vary

with each observer. Hence this test must be conducted in

a comparative manner, samples of unknown pm:ity with

samples of known purity.

With this test it is possible to ascertain approximately

the proportion of the constituents of a mixed oil when those

constituents are known ; thus, supposing an oil consists of a

mixture of cotton seed and olive oils, it will yield an increase

of temperature- between 44° and 65° C, according to the

relative proportions of the two. This is worked out by

a formula :

—

(C - B) X 100
^ - A-B

Where X = percentage of oil A in sample.

A= mean rise for pure sample of oil A.

C = observed rise in the mixed sample.

Thus, supposing in a mixture of olive oil and cotton seed oil

the observed rise was 56° C, then according to the above

formula we have

(56-44) X 100 12 X 100 ^„

,

, . ., ,
-^ c^_AA =

21
= o" '1 P^"^ cent, of oil A.
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Then there are 571 per cent, cotton seed oil and 42'9 per cent,

olive oil in the mixed sample.

4. Free acid test. It is important that lubricating oils

should be free from acid whether this be of fatty or mineral

origin, as such free acid has a destructive effect on the metal

of machinery, and it is astonishing what a corroding effect

a small quantity of free acid in oil has on metals, especially

on brass or copper when the two bodies have been in contact

for some time. If an oil containing 3 per cent, of free acid be

left in contact with brass for 12 hours it will have acquired

a green tint, showing that it has dissolved some of the metal.

Fat oils such as olive, rape, castor, cotton, generally

contain small quantities of free acid, rarely less than 1 per

cent., and the writer has found as much as 22 per cent, of

free fatty acid present in oils. This free acid may have been

present originally in the oil owing to defective methods

of extraction, or if the sample be an old one may have

developed by keeping.

All fatty oils on keeping for some time slowly become

rancid, some oils more rapidly than others. This rancidity

is brought about by the combined action of the oxygen and

moisture present in the air with which they are in contact,

and results in the decomposition and splitting up of the oil

into its two constituent parts—glycerine and fatty acid.

Patty acids have a strong corroding action on metal.

Mineral oils are usually free from acid. If any be present

it is most likely to be sulphuric acid, and indicates imperfect

washing of the oil during the process of manufacture.

A simple test for the detection of acidity in oils is the

following.: Make a solution of phenol phthalein in methy-

lated spirit, as much of the former as will stand on a

sixpence in about 6 ozs. of the spirit. Add to the solution a

few drops of caustic soda solution until the liquor has

acquired a perceptible red tint. Then take a little of the oil

15
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to be tested, add a small quantity of the above test solution,

and shake well. If there be any acid in the oil, the red

colour of the test solution will be discharged. No other

substance is capable of detecting traces of acid in oil. Lit-

mus, which is much used by many persons, is of no use for

this purpose.

The amount of free acid in oils may be readily deter-

mined thus : 10 grammes of the oil are weighed into a clean

glass beaker, and 10 cc. of neutral methylated spirit or

alcohol added with stirring, then 1 or 2 cc. of the phenol

phthalein test solution are added. A standard decinormal

solution of caustic potash or soda is then run in slowly from

a burette, constantly stirring all the while, until a permanent

red colour is obtained. As each drop of alkali solution falls

into the oil it produces a pink spot. As long as any acid is in

the oil this disappears on stirring. As soon, however, as the

acid is neutralised the pink colour remains permanent. Each

cc. of alkali solution used is equal to 0'0282 of free oleic acid.

The result, multiplied by ten, gives the percentage of acid in

the oil.

If it is necessary to distinguish mineral acids from fat

acids in oil, a solution of methyl orange may be used. This

is turned pink by mineral acids, such as sulphuric acid, but

is not affected by fatty acids.

5. Viscosity test. The viscosity of lubricating oil is one

of its most important properties, and therefore the method

of determining this must necessarily occupy a prominent

position in testing oils.

Viscosity or body of oils is a term used to indicate, to

some extent at least, the relative fluidity of oils. Those

which flow freely are said to be thin, " have no body," while

those like castor oil which do not flow freely, or are viscid

oils, are said to have "body". This viscosity of oils, as

usually understood, is due to two properties of the oil, co-

hesion and adhesion, which exert a most important influence
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on their value as lubricants. Cohesion binds the particles of

the oil together. The greater this is the more viscosity the oil

possesses and vice versa. Further, the more cohesion there

is between the particles of oil, the greater pressure or force

they will resist -before splitting apart. It therefore follows

that a viscid oil will lubricate better heavy machinery, where

the pressure is great, than a thin oil, whose particles would be

forced asunder under the pressure. Adhesion is another im-

portant function of oils comprised in viscosity. Adhesion is the

term used to express the property of adhering to other bodies.

The greater this is the better lubricant the oil must be, because,

in virtue of it, it will stick or adhere closely to the surface of

the bearings, and better resist the pressure brought to bear on

them. A liquid may possess great cohesive but very little ad-

hesive properties, as, for example, mercury. On the other hand,

water, spirits, etc., have great adhesive force and but little

cohesion, which makes them very limpid, easy-flowing liquids.

A good lubricant must possess both functions. It must

be at once cohesive and adhesive, and the joint effect is

expressed in the term viscosity, or body of the lubricant.

It is now generally accepted among oil dealers and oil

consumers that the viscosity of an oil is a good measure of its

lubricating value. Given two oils for lubricating, say, a

spindle. The one having the most viscosity will have the^

most lubricating power, but, it has been pointed out before,,

it does not follow that a highly viscid oil like castor would

lubricate a spindle better than a limpid oil like sperm. The>

viscosity of an oil must be adapted to the work it has to do,

and this point should never be lost sight of either by oil

consumers or oil dealers.

A common method of testing the viscosity of an oil is to

fill a glass pipette with the oil, and note how many seconds it

takes to run out. It is obvious that this method is rather

unsatisfactory, as no account is taken of the temperature of the

oil, which has an important influence in the viscosity of oils.
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A better apparatus, and one very extensively employed,
is that known as Sacher's, and which is shown in Figure 55.

This consists of an inner glass tube of about 125 cubic centi-

metres capacity and graduated into 100 divisions of 1 cc. each

through part of its length. The
lower part of this tube ter-

minates in a short tube of

narrow bore. This tube is

surrounded by a wider glass

tube which serves as a water

jacket, and into this steam can

be passed from a boiler so as to

heat the water and the oil up

to any required degree. The

apparatus is used thus : The

water is heated in the jacket

to the required temperature at

which the test is to be made,

a thermometer being suspended

in it for that purpose. The oil

is heated in a separate beaker

to a few degrees above the

temperature at which the test

is to be made. It is then

poured into the inner tube,

filling it up to the topmost

division of the graduation. The

oil is then allowed to flow

out, the time in seconds it takes for the 100 cc. to flow out

being taken as the measure of the viscosity of the oil. • The

best temperatures for testing viscosity are 70° F., 100° F.,

120° F., 180° F., and 212° F.

There are several objections to this apparatus : 1st. It is

difficult to keep the temperature uniform throughout the

test, and the oil is not at an equal temperature throughout

Fig. 55. Sacher's Viscosity-

Apparatus.
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the whole of its volume. The top is always hotter than the

bottom portions. 2nd. The oil does not run out at uniform

speeds during the continuance of the test, the first portions

running out much quicker than the last ; hence it is neces-

sary to always use the same volume of oil in all tests. This

is not always possible, so many observers are in the habit of

noting the time each 25 cc. takes to run out, and thus, if

they have only about 25 cc. of a sample to work with, it is

still possible to compare its viscosity with other samples.

3rd. A general standard of reference between different

observers cannot be obtained with this instrument, as, being

constructed of glass, it is impossible to make two which are

identical in all respects, and give the same figures, which is

an essential quality in viscometers. 4th. Being constructed

of glass, it is fragile and very liable to break, and a breakage

means a loss of any results obtained with the instrument, as

new ones give diiferent figures not comparable with those

given with the old instrument.

The principal objections are the want of permanency and

the non-standard character of the apparatus. The first

objection can be got over by constructing the apparatus of

metal ; the last is by no means easy to overcome. Boverton

Eedwood's Standard Viscometer is constructed on a similar

principle to the glass apparatus of Sacher's. There is an

inner oil chamber, constructed of copper, silvered on the

inside. This is surrounded by an outer vessel which holds

water that can be heated very conveniently. The inner

chamber has in the centre of its bottom a piece of agate,

through which a fine aperture has been bored. This is so

constructed that it can be closed by a ball valve. Being

constructed of metal the apparatus can always be made of

the same size, and the holes being of agate can also be always

bored of the same size. In this way two instruments can be

made which will give identical results. This is a most

important point.
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The instrument is used as follows : The inner oil chamber

is filled with oil up to the gauge pin, thermometers are

immersed in the oil and in the water, the latter is heated up

to the temperature at which the test is to be made. This

heats the oil in its turn. When the oil has attained the

required temperature, the valve is lifted and the oil allowed to

run out ; the time taken to run out 50 cc. of oil being taken

as the measure of the viscosity of the oil. The following

are some figures given by Boverton Bedwood {Journal Soc.

Chem. Ind., 1886, p. 128) as obtained with this instrument :

—

VISCOSITY.—SECONDS FOB 50 cc.

Tem-
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Eedwood recommends that the observed viscosity (rate of

flow) be corrected for the effect of specific gravity on the

flowing of the oil by multiplying the observed viscosity by

the specific gravity of the oil, and dividing it by the specific

gravity of the oil which has been selected as the standard.

The author considers this an unnecessary proceeding, and

prefers to take the figures which are given by the visco-

meter as being correct, and to give the true viscosity of

an oil.

One main objection to Boverton Redwood's instrument

is the smallness of the aperture, which causes the time

taken for the oils to flow out to be too long, thereby increasing

the difficulty of keeping the temperature uniform throughout

the duration of the test. There is another objection. It has

been pointed out that the viscosity of an oil is due to a

conjuilction of two functions of the oil, cohesion and

adhesion. Now when any oil flows out, as it does in

Redwood's instrument, from a simple aperture in a metallic

plate onlj', the function of cohesion is tested, while that of

adhesion, which is most important, is not tested at all.

In viscometers constructed on the flowing principle, the

adhesion function of an oil can only be tested by causing

it to flow through a narrow tube.

The author has devised a viscometer shown in Figure 56.

This instrument has been devised to be a standard one, and

not too costly. As will be seen from the drawing, it consists

essentially of an inner oil chamber constructed of copper.

This terminates in a short brass tube of narrow bore, the

aperture of which is closed by a valve. Surrounding the

inner oil chamber is a water-jacket, the water in which can

be heated by a separate boiler working on the hot-water

circulating system ; a thermometer can be immersed in the

water in the jacket and one in the oil. The inner oil

chamber is filled up to a gauge pin with the oil, the water is
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then heated to a few degrees—4 or 5—above the temperature

at which the oils are to be tested, and it is maintained at

this temperature during the test. This is easily accom-

phshed. When the oil has attained the required temperature,

the valve is opened and the oil allowed to flow out into a

Pig. 56. Hurst's Viscometer.

measuring glass or flask, the time in seconds taken for

50 cc. to flow out being taken as the viscosity of the oil.

The instrument is very easy to manipulate, and gives very

concordant' results. Some figures are given on p. 236.

Viscometers constructed on the principles of the one just

described take no account of the varying specific gravities of
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the different oils, and this must have some influence on the

length of time that the oil will flow out, as heavy oil will,

owing to its greater specific gravity, have a tendency to flow

out quicker than a light oil whose specific gravity is less,

because the pressure owing to gravity is greater in one case

than the other.

Fig. 57. Viscometer.

In the writer's viscometer this is eliminated as much as

possible by the oil container being made short and wide, but

it can never be entirely got rid of in this class of instruments.

It is eliminated in another form of viscometer.

Mr. John Peters of Accrington has devised a viscometer
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on another principle. In this the effect produced by gravity

is got rid of. The apparatus is shown in Figure 57. It

consists of an oil chamber, the bottom of which is made of a

heavy disc of brass, the face of which is turned true in a

lathe ; a similar disc of brass is carried on a spindle and

supported on the bottom piece on a pivot ; the two brasses do

not touch one another, but are carefully set a small distance

apart. On the top of the upper brass is fixed a pair of fans

.forming a kind of paddle. The disc paddle is made to

revolve by the falling of a weight attached to a string

acting on a pulley or drum on the top of the spindle,

and the relative viscosities of different oils materially

affect the speed at which the paddle revolves, and there-

fore the time taken to fall a given distance is a measure

of the viscosity of the oils. The time can be regulated

to some extent, but it is usual to have a weight that

will when rape oil is being tested run down about 3 feet

in 100 seconds. This apparatus gives good results, and

one instrument can be compared with another, so that it

is quite standard.

Cottrell's viscometer resembles Peters', but it has not

the faced brasses. Napier's instrument has a number

of concentric rings, which revolve one in the other.

Both these instruments are actuated by the falling of

weights.

The main fault of these frictional viscometers, if they

might be so called, seems to arise from the fact that their

scope of action is not wide enough. If the weight is adapted to

just pull the paddles round in a thick viscid oil like castor,

it is too heavy for light hydrocarbon oils, say a '865 Scotch

oil, and runs down too quickly in such oils, so that it is diffi-

cult to distinguish small differences in the viscosity of two

samples of lubricating oil which closely resemble one another.

This difficulty is experienced in a greater degree when
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working at high temperature, when the viscosities of oils are

very nearly alike. This difficulty may be overcome to some

extent by using a set of weights, light for hght oils and high

temperatures, mediam for medium oils, and a heavy weight

for viscid oils, only there is a risk of not getting properly

comparative results.

It is customary to take rape oil as a standard = 100,

at 70° F., in stating the viscosity of an oil. On the

paddle form of instrument the weight can be so ad-

justed that it will fall the given distance in 100 seconds

and then the instrument will give the relative viscosity

of other oils (compared with^ rape oil = 100) without

further calculation.

Rape oil is taken as a standard because it is an oil with a

good viscosity, and can be obtained without much trouble

fairly pure and of a uniform quality.

With the flowing forms of viscometer a simple proportion

sum will give the relative viscosities. Thus let A = the

viscosity of rape oil, B the viscosity of the oil tested, then

A X 100
t5 = X, the relative viscosity of the oil. It has

been proposed to eliminate the supposed effect of gravity

on the rate of flow of the oil by multiplying the viscosity

of the oil by its gravity, and dividing the result by the

viscosity of rape oil, multiplied by its specific gravity.

Such is called by some writers "specific viscosity". There

is no advantage to be gained by the use of this new term,

and as it is not very clear to most persons what it means,

it is best to stick to the well understood method of stating

viscosities.

The following table gives the relative viscosities of

various oils at different temperatures :

—
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VISCOSITIES OP OILS.

Standard Rape Oil at 70° P. = 100.

70° F. 120° P. 180° P. 212° P.

Scotch Mineral Oils-

865 sp. gr. . .

885 „ . .

890 „ . .

American Mineral Oils

885 sp. gr.

910 „ . .

915 „ . .

920 „ . .

Cylinder Oil .

Summer Dark Machinery
Medium „
Russian Mineral Oils

—

896 sp. gr. . .

914
910

Rosin Oil

Dark

20
45

63

36
85
90

127
1860
1300
245

66
122
316
236
221

15
16
20

16
25
26
30

230
90
50

26
47
94
78
22

12
13
14

11
12

15
20
55
33
20

16
20
24
22
12

11
12
13-5

10-5

12
12-5

17
43
21

17

12
14

17

16
12

This table shows the influence of temperature on these

oils. It will be noticed that they all become much more fluid,

as the temperature rises, and with few exceptions that there

is not as much difference between them at the boiling point

(10-5 to 17) as there is in the viscosities at 70° F. (20 to-

1860). This is a curious feature. It will be noticed that the

fluidity increases very rapidly between 120° F. and 180° F.^

and that there is very little difference between the viscosity

of an oil at 180° to 212° F. The Eussian oils it will be

seen are, compared with their gravities, more viscid oils than

the American oils, but they lose this much more rapidly

by heat. The author is of opinion, as the result of much

observation on the behaviour of oils in regard to their

viscosity at different temperatures, that there is what may
be called a "critical point," at which temperature the oil

begins to lose its viscosity more rapidly, and below which

point the loss of viscosity on heating is very slow ; this
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critical point varies with different oils, but the author has

not been able to do more than make a few tentative

•experiments on the subject.

6. Flash test. This is one of the most important tests

to apply to mixed mineral or lubricating oils. It is most

easily carried out in the following way :

—

Procure a white procelain basin of about 2 ozs. capacity,

or better a copper vessel, and support it by suitable means

over a buusen burner, nearly fill it with the oil to be tested,

and hang a thermometer in the oil. The bulb of the latter

should be completely covered by the oil, while it should not

be allowed to touch the bottom or sides of the basin.

Connect with another gas supply an ordinary mouth blow-

pipe, and adjust the supply of gas to this so that the flame at

the jet is only about the size of a small pea. Then heat the

oil, carefully adjusting the size of the bunsen flame so that

the heating of the oil is not carried on too rapidly ; a rise of

10° F. per minute is the generally recognised amount of

heating, and it is not advisable to exceed this amount. A
slow rate gives much more accurate results than a quick

rate of heating.

During the progress of this test three points can be

observed : 1st, the vaporising point ; 2nd, the flash point

;

3rd, the burning point or fire test.

The vaporising point. This is the first point to be

observed. It is the temperature at which a perceptible

vapour begins to be perceived. This is also known as

the " smoke point ". As a rule it is not considered of

nauch importance, and what particular value it has is

somewhat uncertain. Of course oils with a low vaporising

temperature, say of less than 150° to 160° P., would be

unpleasant to work with on machinery where that tem-

perature is likely to be exceeded.

The method of carrying out and the rapidity of heating
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have a considerable influence on the temperature at which

an oil will begin to give off vapour. If the basin is heated

rapidly over a naked flame the temperature of vaporising

will be much less than when the basin is heated on a.

sand bath; A difference of 20° or even 30° P. may often be-

obtained by these two different methods of heating the oiL

Those dealers and consumers who attach particular im-

portance to the smoke point always immerse the basin of

oil in a deep sand bath, taking care that it is well surrounded

with sand. It is only by this means that different observers

can obtain concordant results on the smoke point.

The flash point. If, while the oil is being heated, the

small gas jet is applied at short intervals, cay every two or

three degrees of rise in the temperature, t::L:ng care not to

let the flame touch the surface of the oil, soon a blue flame

will be observed to shoot across the surface of the oil. The

temperature at which this flame is first seen is the flash

point.

Whether a sand bath or a naked flame is used for heating

the oil makes but little difference in the flash point, rarely

more than what different observers would note with the same

oil. The higher the flash point the safer is the oil to use,

because then there is no chance of it giving off any inflam-

mable vapour at any temperature to which it may be sub-

jected in actual use. This point of inflammability is of parti-

cular importance to cotton mills, where there is such a large

quantity of fluff always about the machinery. If an oil with

a low flash point were used and the temperature should by
accident get above the flash point, and a light come in

contact, it is quite possible that the oil would catch fire, and

this would be sure to spread through the fluff and hence

probably through the mill, so that it is of particular import-

ance in a cotton mill to use an oil with a sufficiently high
flash point. 350° F. is quite a safe point, and there is no
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necessity to much exceed this point. Some dealers pride

themselves on the high points of their oils, but a high flash

point is not all that is wanted in an oil. There is the proper

viscosity to be considered, and, generally speaking, high flash

points and high viscosities go together, and thus where you

want, as spindle oils, a moderate viscosity only, you cannot

have very high flash points, and if tbe latter feature is only

considered, then an oil may be used which, owing to its high

viscosity, is not the most suitable for the purposes. For use in

cotton and other textile mills, where the peculiar conditions

and material introduce a special element of danger, the oils

should not flash at a lower temperature than 350° F., while

for all other mills and works 330° F. may be accepted as a

safe point. For cylinder oils 500° F. is the lowest flashing

point usually accepted as safe, but in the case of oils for

lubricating cylinders there cannot be any question of safety

because they are used under such circumstances as to pre-

clude any idea of their taking fire. The true test of the

value of a cylinder oil is its having a good viscosity which it

does not lose to any great extent on being heated.

There is, however, a connection between a high flash

point and a high viscosity in cylinder oils. The process of

manufacture consists in eliminating all light portions, the

presence of which would reduce the flash point and the

viscosity considerably. The flash point is much easier to

ascertain than the viscosity, hence the reason attention is

given to it, not from any considerations of safety.

The burning point. This is known in America as the

"fire test ". If, after the flash point has been determined,

the heating of the oil be continued, it will be observed that

the flashing becomes more frequent and the flame gets more

luminous. Presently the flame, instead of going out, will

continue to burn. The temperature at which this occurs is

"the burning point" or "fire test''. This point is not
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regarded as of very much use in this country, nor, indeed, is

it ; but in America it is considered of quite as much import-

ance as the flashing point.

The following table gives the three points of the chief

varieties of hydrocarbon oils :

—
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temperature indicated by the thermometer is noted as the

flash point.

The flash point by the closed test is always lower, from

12 to 20 degrees, than by the open test.

The author does not regard the closed flash test as thus

carried out with much favour. He finds that different

Fig. 58. Gray's Flash Point Apparat-

observers get very different resultSj which are due to differ-

ences in the construction of the test apparatus, the quantity

of air in proportion to the oil used in the apparatus, and one

or two minor differences which affect the flash point as deter-

mined by the closed test. With the open test these differ-

16
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ences are not produced. It makes but little difference

with what apparatus the test is carried out, whether with

large or small quantities of oil, providing the rate of heat is not

too rapid.

The best instrument for the determining of the flashing

point of lubricating oils by a close test is Gray's, shown in

Figure 58. This instrument consists of a brass cup of same

size as that used in the Government standard petroleum

tester, viz., 2 in. in diameter by 2,^ in. in depth. A line

cut round the inside of the cup, 1| in. from the bottom,

indicates the height to which it is to be filled in testing

oil. The cup is closed by a tightly fitting cover, through

the centre of which a small shaft or spindle passes to

the bottom of the cup, carrying two sets of stirrers,

one of which is below the surface of the oil, the other

in the vapour space above. On the top of the spindle,

above the lid, a small bevelled whe6l with a milled

edge is fixed, which gears with a vertical bevelled wheel

on the inner edge of a horizontal shaft carried on two

standards fixed on the lid, and terminating at the outer end

in a disc of non-conducting material in which is fixed a

handle for rotating the shaft. There are four openings in

the lid. Through one a thermometer is inserted to indicate

the temperature of the oil. The remaining three provide

means of producing the flash. One of these is immediately

in front of the small tilting lamp which ignites the gases.

The other two, one on each side, admit air to produce the

explosive mixture. These parts are normally closed by the

loose, three-quarter disc, flat cover, provided with openings

which, when the cover is turned one quarter round, coincide

with the ports in the fixed hd.

In using this instrument, the cup is filled to the mark
with the oil to be tested. The test lamp is hghted; the

flame being adjusted to about J inch in size. Heat is
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applied below the oil cup by a gas or spirit flame, either

direct or through the medium of a sand bath, and the

temperature of the oil raised at the rate of 10° to 15° F. per

minute ; the stirrers being turned at short intervals during the

process of heating. When nearing the point at which the

oil is expected to flash, it is advisable to reduce the rate of

heating in order that observations may be more accurately

made.

The test for flashing point is made by drawing the

horizontal shaft, which has about ^ inch end play, outwards,

which puts it out of gear with the stirrers and in gear with

the sliding cover, which, being partly turned, opens the ports

and tilts the flame of the test lamp into the centre one. If

gas is present in sufficient quantity, a slight flash with an

explosion is produced; if not, the ports are automatically

closed, the heating is continued, the stirrers being used, and

the test for "flash" repeated at intervals till the flash is

observed, the temperature at which this occurs being

taken as the flashing point of the oil.

7. Evaporation test. This is carried out by weighing

into a watch glass a small quantity of the oil, exposing it in

an oven to a temperature of 212° F. for twenty-four hours

(or in the case of the cylinder oils to 350° for five hours), then

reweighing it. A good sample of oil should not lose more

than from 0"25 to 0'5 per cent., and if a sample should lose

more than 1 per cent, it ought to be regarded with suspicion.

Archbutt has devised a method of ascertaining the rate

of evaporation of cylinder oils, which is said to give reliable

and very accurate results. This is carried out in a piece of

apparatus specially designed for it. Through a hot air oven

he carries a piece of iron tubing f of an inch in diameter

;

this has fitted in it a glass tube which is just big enough to

fit it tightly. In the middle of this glass tube is placed a

platinum or porcelain boat, containing a weighed quantity
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(0"5 to 1 gramme) of the oil to be tested. In the upper part

of the oven is a coil of pipes, through which a current of air

at the rate of two litres a minute can be passed. This coil

is connected with the glass tube containing the boat of oil,

so that the air is heated to the temperature of the oven before

it goes over the oil. After an hour's exposure to the current

of hot air, the boat of oil is taken out, reweighed, and the

loss of weight noted.

Of the two varieties of cylinder oils the filtered oils lose

least, the amount of loss averaging less than 0'5 per cent.,

although samples losing about 0'75 per cent, are met with.

The dark natural oils lose most, the loss in some cases

bsing as much as 5 per cent., while occasionally samples of

such oils may be met with which actually gain weight.

Particulars of this test are often left out of chemical

reports on lubricating oils, but they might be inserted with

advantage.

The last three tests are only applicable to mineral or

mixed lubricating oils, as the particular properties examined

by these tests are invariable as regards each particular fatty

oil, while they vary in every different make of mineral or

hydrocarbon oil.

As a rule, the application of the tests described above will

usually be found to be sufficient for an oil dealer or con-

sumer to obtain a good ideii of the quality of the sample to

be tested. There are, however, a few other useful tests that

may from time to time be found of service in the examination

of oils for adulteration or otherwise.

8. Valenta's acetic acid test. If equal volumes of

glacial acetic acid and a fat oil be mixed together and then

heated, the two liquids will amalgamate together and a clear

solution will be obtained. On allowing to stand, a cloud

will in a short time make its appearance in the liquid.

Valenta discovered that this cloud makes its appearance at
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different temperatures in different oils, the " turbidity tem-

perature," as it is called, being the point to be ascertained.

Valenta's work has been more or less confirmed by subse-

quent observers, but still there are differences in the recorded

observations v?hich serve to show that there are several

modifying circumstances in the application and carrying out

of the test which must be taken into account. The strength

of the acid is important. The temperature at which the

turbidity is obtained is distinctly higher with a weak than

with a strong acid ; a dry test tube or glass is necessary to

obtain satisfactory results. Einsing with water must be

avoided, as the small quantity of water left in the glass will

affect the subsequent tests. Slight differences are also

observable by variations in the manner in which the test is

made.

The author has obtained the following results with this

test, using 5 cc. of the acid and oil, very convenient quantities,

in a wide test tube, the thermometer being immersed in the

oil during the whole of the operation :'—

Oil.
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becomes decolorised. This has been found to be due to the

fatty acid of the oil combining with the iodine and forming

compounds with it. The fatty acids present in oils belong to

three distinct series : One, the stearic series (better known

to chemists as the acetic series) ; this series does not combine

with iodine, so that the larger the proportion of the glycerides

of these acids there is in an oil, the smaller quantity of iodine

with which they will combine. The second series of fatty

acids is the oleic series ; each of these is capable of com-

bining with iodine in the proportion of two atoms of iodine

to one molecule of fatty acid. The third series is sometimes

called the tetrolic or linolic series ; these absorb four atoms

of iodine for each molecule of fatty acid, and as the acids of

these series are characteristic of drying oils, it follows that

linseed and other drying oils absorb more iodine than any

other class of fatty oils.

Based on these principles is founded Hubl's iodine test,

which has for its object the determination of the amount of

iodine absorbed by an oil. It is carried out as follows

:

Five solutions are prepared. 1st, a solution of 25 grammes

of iodine in 500 cc. of alcohol ; 2nd, a solution of 30 grammes

of mercuric chloride in 500 cc. of alcohol ; 3rd, a solution of

10 grammes of iodide of potassium in 100 cc. of water ; 4th,

a solution of 24'8 grammes sodium thiosulphate (hyposul-

phite) in 1000 cc. of water (each cc. of this is equivalent

to 0-0127 gramme of iodine) ; 5th, a solution of 2 grammes

of starch in 100 cc. of water.

Two grammes of the oil are weighed out and dissolved in

100 cc. of chloroform, and from 10 to 20 cc. of this solution

are taken, for drying oils 10 cc. are sufficient, for other

oils 20 cc. Twenty cc. of the iodine solution and 20 cc. of

the mercury solution are added, and the mixture allowed

to stand for one and a half to two hours ; equal quantities

of the chloroform, iodine, and mercury solutions are also
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mixed together to make a blank test. At the end of the

time, 20 cc. of the iodide solution and 20 cc. of the starch

solution are added, and the mixture titrated with the sodium

thiosulphate solution, until the blue colour is discharged.

The difference in the quantity of the sodium thiosulphate

solution used in the two experiments, the blank test and

the one with oil, represents the quantity of iodine absorbed

by the oil. The quantity of iodine absorbed by 100 parts of

oil is called the " iodine equivalent".

10. Mills' bromine test depends on the same principle,

only a solution of bromine is used instead of the iodine

solution, the excess of bromine being measured colorimetri-

cally. The following table gives the iodine and bromine

equivalents of a number of the fatty oils :

—

Oil.
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Name of OUs.
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12. Elaidin test. For testing the purity of olive oil

there is scarcely a better process than the elaidin test or

Poutet's test, which was first devised in 1819. The best

method of carrying it out is that described by Archbutt

{Jour. Soc. Ghem. Ind., p. 306). The test solution is made

by dissolving 18 grammes of mercury in 15'6 cc. of strong

nitric acid of 1"42 specific gravity. The solution is best

effected in a glass tube kept cool by immersion in water.

The test solution will have a green colour, and as long

as it has this colour it is in fit condition to use.

Archbutt used 96 grammes of oil to 8 grammes of the

test solution, but 50 cc. of oil to 2 cc. of solution is a very

convenient quantity to take. The oil and solution are mixed

together and allowed to stand for some hours, being stirred

up at intervals if required. The time taken to solidify the

oil is noted, the consistence of the solid mass and also its

colour.

Archbutt gives the following particulars of results

obtained by this test :

—

Oil.
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13. Molecular weight of fatty acids. Occasionally it is

desirable, for the purpose of distinguishing between various

oils, to determine the molecular or combining weight of the

fatty acids obtained from them. This is done as follows :

10 grammes of the fatty acid are weighed out, dissolved in

methylated spirit, a little alcoholic solution of phenol phtha-

lein added, and then titrated with normal caustic soda until a

permanent pink coloration is obtained.

To calculate the combining weight, multiply the number

of cubic centimetres of caustic soda used by 0'04, which gives

the weight of caustic soda needed to combine with the 10

grammes of oil. Then divide this number into the weight

of oil taken and multiply the result by 40, when the combin-

ing weight will be obtained.

14. Melting point of fats. The most convenient way of

ascertaining the melting point of fats is that known as the

capillary tube method. This is carried out in the following

manner : A piece of thin glass tubing is drawn out at one

end into a capillary tube. The fat or substance whose

melting point is required is heated in a small glass beaker

until it is just melted, and the end of the capillary tube

dipped into the melted fat ; some will be taken up. The

tube is withdrawn and placed on one side for some time to

cool, to allow the fat to solidify. The capillary tube is next

tied to the stem of a thermometer in such a way that the

bulb and capillary tube where the fat is are close together.

A beaker of cold water is placed on a sand bath and heated

by a bunsen burner. The thermometer is suspended in the

centre of the water. As long as the temperature remains

below the melting point of the fat, the latter will be opaque

and stationary, but when the melting point is reached then

the fat becomes transparent and will rise in the tube. "When

this event is noticed, the temperature is read off on the

thermometer, and this gives the melting point of the fat.
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15. Beichert's test. Some fats, notably coconut oil, palm

nut oil, butter, whale oil, contain fatty acids which are

soluble in water, and, when distilled along with water,

volatilise and distil over, the distillate having an acid reaction.

It has been found possible to employ this property as a test

in the examination of oils, and from having been originally

devised by Eeichert, is known by his name. Since its first

introduction other analysts have pubhshed sundry modifica-

tions in the manner of carrying it out.

Eeichert's test is carried out in the following manner

:

2"5 grammes of the oil or fat are thoroughly saponified by

boiling with 25 cc. of a normal or nearly so alcoholic solution

of caustic potash, in the same manner as is adopted for the

Koettstorfer. After the saponification is complete, boil until

all the alcohol has been boiled off, then dilute with water,

add sufficient dilute sulphuric acid to decompose the soap,

add water, if necessary, to bring up the volume to 75 cc.

Then distil in a retort until 50 cc. have come over, taking

care to avoid bumping over of the hquid. Should the

distillate be cloudy or show the presence of fat globules filter

it, washing the filter with warm water. Then titrate the

clear distillate with decinormal caustic soda, using phenol

phthalein as an indicator, noting the number of cc.'s of the

alkaline solution required.

The following are a few figures obtained with this test :

—

Fat or Oil.
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OIL TESTING MACHINES.

For the purpose of obtaining a greater knowledge of the

practical working of oils in the lubrication of machinery than

is possible by means of the tests given above, mechanical

tests have been devised from time to time, and quite a number

of these oil testing machines are now in use in various oil

works and machinery establishments in the country, many

having been specially designed for the users' own purposes,

and have not been put in the market.

Practically, only three are now in much use ; these are

the Ingram & Stapfer, the Thurston and the Thomas.

In order to determine precisely what oils are adapted to

any special purpose, or to ascertain what uses an oil is best

fitted for, it is necessary to make an examination of the

lubricant while it is working under the specified conditions.

That is to say, the oil should be put upon a journal of the

character of that on which it is proposed to use it, and

subjecting it to the pressure proposed, and running it at the

speed at which the journal is expected to attain, its behaviour

under these conditions will then show conclusively its

adaptability to such a purpose.

While running it is necessary to measure the friction

produced and to determine its coeffieiency, as well as to

be able to note its durability and the rise in temperature

of the bearing. These quahties being determined and

recorded, all is known of the oil that is needed to determine

its lubricating power, and its value for the purpose intended.

The Ingram & Stapfer Machine is made by Messrs. W.
H. Bailey & Co. of Salford. This machine is represented in

Figure 59, and is made in two sizes : a small size for

ordinary oil testing, and a large size adapted for the testing

of heavy machinery oils, railway work, etc., intended for use

in large bearings, carriage and waggon axles.

This machine consists of a bed-plate having upon it a
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pair of standards carrying a short length of shafting, upon

which is a testing journal fitted with two brass steps, the

speed at which the shaft is driven being about 2000 revolu-

tions per minute, but can be regulated. The friction is

brought to bear by levers, and weights somewhat after the

manner of a friction brake, as shown in the drawing, acting

on the steps. On the top step is a thermometer for indicating

any increase in temperature caused by the friction. A dial

indicates the number of revolutions that the shaft makes

during the test. The machines used for testing light oils

. ^

I ^

I

Pia. 59. Ingram & Stapfer Oil Testing Machine.

have the friction journals, where the oil is tested, three inches

in diameter ; those for testing tallow and heavier oils are of

larger diameter (six inches).

This machine is used in the following manner : The top

and bottom steps should be well cleaned before each experi-

ment, and kept free from dust ; the bearings of the spindle

should be well oiled to prevent friction in the wrong place.

It should run half a day well oiled before a test takes place

when first fixed.
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The oil must be measured in a small glass tube (an

homcBopathic bottle wiU do, or a hole in a small key, if it is

smooth inside). In emptying its contents, the measure

should be warmed over a flame to enable the oil to flow

freely from it. The measure should be well cleaned out each

time. Two drops only have often been used, and a glass

pencil dipped into the oil, and then held until the drops

accumulate, will be found useful, but a definite weight or

measure is the best.

The thermometer should, as far as possible, always

indicate the same temperature at starting. It is found that

150° P. is the best to try all oils to, if their lubricating power

is to be measured, and the machine should always be driven

until that temperature is indicated, and then immediately

stopped. The machine should be put in a place not hable

to sudden changes of temperature.

When a temperature of 150° F. has been reached (the

speed index showing zero at the start), it will then be seen

what number of revolutions is taken to produce the

temperature (see table below). The speed should be about

1500. A uniform speed should be maintained in all tests.

After obtaining figures in this way from an oil, stop the

machine and let the oil remain on the machine, and in

twelve hours after see how soon 150° F. can be obtained. The

second experiment will indicate which of the two oils is the

inferior on machinery, when stopped, by reason of its

tendency to gum through oxidation.

Should the oil indicate or have any tendency to gum
or become thick by exposure to the air, this wiU be

indicated by a smaller number of revolutions being required

to produce the temperature of experiment.

Another method of running this machine is to run it for

a definite number of revolutions and for a fixed time, say

one hour and a half, and notice the temperature which has
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been reached in that time. The following are some figures

which have been obtained with this machine :

—

Name of Material.
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The angle of deflection is measured on an arc or quadrant

graduated in such units that the figures which may be read

off give, not only the angle of deflection, but also the co-

,
efficient of friction. A thermometer on the top brass gives

:
the temperature in a manner similar to that of the Stapfer

test. This machine is used much in the same way as the

tester previously described. It is used in the engineering

Pig. 60. Thurston's Oil Testing
Machine.

Pig. 61. Sectional View of Thur-
ston's Oil Testing Machine.

shops of the United States Navy and many railway works.

The small machine (Figure 61) is for testing the ordinary

range of oils, while a large machine is made for heavy oils

for heavy bearings.

This machine is adapted for a wide range of pressures, as

is seen in the index plate in front of the pendulum, where

the large figures represent the total pressures on the journfd.
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and those opposite the corresponding pressures per square

inch.

To obtain the best results it is essential that each test

should be made at the pressure under which it is proposed

that the journal on which it is to be used shall be run.

The periphery speed of the journal should be equal to the

maximum periphery speed of the shafting or journals on

which the selected oil is intended to be used.

Figure 61 is a sectional view with index lettering.

The figures on the arc P, traversed by the pointer

attached to the pendulum, are such that the quotient of the

reading of the arc, divided by the total pressure read from

the front of the pendulum at M, gives the " coefficient of

friction," i.e., the proportion of that pressure which measures

the resistance due to friction.

To determine the lubricating qualities of an oil remove

the pendulum HH (see sectional illustration, Figure 61) from

the testing journal GG, adjust the machine to run at the

desired pressure by turning the screw head K, projecting

from the lower end of the pendulum, until the index M
in front of the pendulum shows the right pressure ; adjust it

to run at the required speed. Throw out the bearings by

means of the two thumb screws on the head of the pendulum

in the small machine, or by setting down the brass nut

immediately under the head in the case of the large machine.

Carefully slide the pendulum off the testing journal GG,
and see that no scratching of journal or brasses takes place.

Place a few . drops of the lubricant to be tested on the

journal, replace the pendulum, and set the machine in

motion, running it a moment until the oil is well distributed

over the journal. Next stop the machine, loosen the nut or

the cams which confine the spring, and, when it is fairly

in contact and bearing on the lower brass with full pressure,

turn the brass nut or the cams fairly out of contact, so that

17
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the spring may not be jammed by their shaking while

working. Now, start the machine again, and run until

the behaviour of the oil is determined. At intervals of one

or more minutes, as may prove most satisfactory, observe

and record the temperature given by the thermometer

Q, and the reading indicated on the arc P of the machine by

the pointer 0. When both readings have ceased to vary,

experiments may be terminated.

Remove the pendulum, first relieving the pressure of the

spring, and clean the journal and brasses with great care

from every sign of grease, and be especially careful not to

leave a particle of lint on the surfaces.

A comparison of the results thus obtained with several

oils will show their relative values as reducers of friction.

Note should be made of the following points :

—

Temperature before and at end of experiment, showing

increase.

Pressure.

Number of revolutions.

Duration in time of test.

Readings on the arc of the machine.

To determine the liability of the oil to gum, allow the

machine to stand with the journal wet with oil for twelve or

twenty-four hours or more, as may be found necessary.

Then start up and run a few moments until the reading on

the arc P, having fallen to a minimum, begins to rise again,

then stop at once. Compare the minimum coefficients thus

obtained from the several oils to be examined. That which

gives the smallest figure will be least liable to gum during

the period of time given to the test.

To determine durability, proceed as in determining the

lubricating quality, and apply, say, a drop for each two inches

length of journal, then start the machine. When the

friction, as shown by the pointer 0, has passeda minimum
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and begins to rise, the machine should be carefully watched,

and should be stopped either at the instant the friction has

reached double the minimum, or when the thermometer

indicates 212° F. This operation should be repeated until

the duration of each trial becomes nearly the same. An
average may then be taken either of the time, of the number

of revolutions, or of the distance rubbed over by the bearing,

which average will measure the durability of that lubricant.

Next carefully clean the testing journal and proceed as

before with the next oil to be tested.

A lubricant is valuable in proportion to its durability and

its freedom from tendency to gum, and in proportion as it

exhibits a low measure of friction. In making comparisons,

always test the standard as well as the competing oils on

the same journal, and under precisely the same conditions.

An approximate value by which to compare the oils can be

calculated, based on the assumption that they will have a

money value proportionate to their durability and to the

inverse ratio of the value of the coefficient of friction.

Thus, suppose two oils to run, the one ten minutes and the

other five minutes, under a pressure of one hundred pounds

per square inch, and both at the same speed, and suppose

them to give, on test for friction, the coefficients O'lO and

0"6 respectively, their relative values might be taken at

^=1 and | = 0625. If the first is worth, say, 100 pence,

the second should be worth 62 pence. In many cases, how-

ever, the same quantity would be applied by the oiler,

whatever oil might be used, and their values to the consumer

would be the inverse proportion of the values of their

coefficients of friction, i.e., as six in the above case is to ten,

thus showing that it would be cheaper to use the latter if the

cost is anything less than its relative value.

The following tables show some tests of oil made with

this machine :

—
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Oil.
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several oils will show their relative values as reducers of

friction.

Steam cylinder lubricants are tested on bearings heated

to a temperature corresponding to any desired steam pressure.

When the maximum temperature has been attained, the

flame is removed, and the laehaviour of the oil noted as the

temperature falls to 212° F., which corresponds to atmo-

spheric pressure or to zero on the steam gauge. Any effer-

vescence or excessive friction at the higher temperatures

condemns the lubricant. This machine is made by Messrs.

W. H. Bailey & Co.

The Thomas " Friction '' Oil Testing Machine is shown

in Figure 62. The testing portion of this machine, seen in

front of the drawing, consists of an annular disc contain-

ing a recessed groove, which is made exactly one' square

centimetre in size and one metre in circumference, so

that the circumferential speed can be easily ascertained.

This annular disc is driven by the arrangement also shown

in the drawing. A belt for the driving shaft is attached to

a pair of fast and loose pulleys on a counter shaft. On this

is placed a set of three cone pulleys, and these are in gear

with a similar set on the shaft of the testing disc. By this

arrangement the speed can be varied to almost any desired

extent, so that oils that are to be used on quick-running

machinery can be tested under similar conditions as to speed,

while heavy oils for heavy slow machinery can be tested at the

slow speeds at which they are to be used. This is an advantage

not possessed to the same extent by other testing machines.

In the annular recess in the disc works a friction block.

This is pressed down by the weight shown hanging from the

bracket. This weight can be varied to any extent, from,

say, 10 lbs. to 100 lbs., and whatever weight is used is the

pressure per square centimetre.

Now the revolution of the disc tends to carry the friction



262 LTJBEIOATING OILS.

block out of the centre line until it reaches a point where

the two forces, the friction and the weight, tend to neutrahse

Pig. 62. Friction Oil Testing Machine.

each other, and there it will remain more or less stationary.

This point will depend upon the speed of revolution, the
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weight or pressure exerted on the friction block, and upon

the quality of the lubricant. In the latter case, the better

the oil or lubricant used, or the better the degree of lubrica-

tion, the less is the block drawn out of the centre line. In

the machine this factor, which represents what is known as

the coefficient of friction, is made to manifest itself in a

visible and recorded form, by an arrangement of levers which

carry a pencil point, and draw a line on a paper ribbon,

which is drawn between a pair of rolls, seen on the right of

the drawing, at a low rate. If the lubrication is good, a fairly

straight line is drawn, while if it varies much, then a zigzag

line is drawn ; while the amount of the coefficient is shown

by the position of the line in reference to the datum line on

the paper ribbon. It is in thus recording the amount of the

coefficient of friction that this machine differs from all

hitherto made. Some diagrams made by this machine are

given in Figure 63, and they show very clearly the relative

v&lue of different oils for the same purpose.

A thermometer, which has its bulb inserted in a hole in

the friction block, shows any and what increase of tempera-

ture takes place. This a feature of some importance.

By means of a Bunsen burner the annular disc may be

heated up to any required degree of temperature. This is a

feature of this machine, which will be found extremely

useful in testing cylinder oils, and such can be tested at

temperatures ranging to 350" F., a temperature which is

sometimes attained in the cylinders of high pressure engines.

There is one feature in this machine whereby it has

advantages over some others which have been made. The

whole of the oil is applied to, and is certain to come into

contact with, the friction block. This is not a certainty

with other forms of oil testing machines. Then again the

effect of varying methods of lubrication may be efficiently

tested with this machine. It may be fed with a stated
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quantity of oil, and the length of time this will wear may be

ascertained, or the feed may be continuous, and the machine

run for a stated time to ascertain, under continuous lubrica-
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A brief notice may be given here of some other forms

of testing machines.

McNaught's. This consists essentially of a small revolving

disc supported on suitable bearings. On this disc a loose

one rests, the two faces in contact being carefully and

accurately made. By friction the loose disc is carried round

by the revolving disc. On the loose disc, however, is fitted a

pin which comes in contact with the arm of a lever

connected with a graduated balance arm. On this balance

arm is arranged a shding weight, and by moving the

weight along the arm a point is reached where the friction

between the two discs is counterbalanced by the weight and

the loose disc remains stationary. By introducing a few

drops of oil between the two surfaces the friction is reduced,

and this reduction is measured by a less weight being

required to bring the loose disc to rest. With different

oils the weight will have to be on different portions of

the arm, thus measuring the friction-reducing powers of the

oils. This machine does not, however, give entirely satis-

factory results.

Napier's. Consists essentially of a revolving wheel

against the edge of which a brake block is pressed. The
amount of friction between the two tends to carry the brake

block round ; the force which is exerted to effect this can be

measured by means of a dynamometer, while the pressure

exerted by the brake block can also be measured. By
introducing oils on to the revolving wheel the friction

is reduced in proportion to the quality of the oil, the

reduction of friction being measured by the dynamometer

attached to the machine.

Shaw's machine is a simple and yet effective machine.

This is constructed as follows : A surfaced disc of metal

about 4 inches in diameter is mounted on a vertical shaft or

spindle which is made to revolve at about 700 revolutions
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per minute. The oil to be tested is put on this disc,

and a block of metal with a surfaced face is placed upon

it, and a cord or chain connected with a spring balance

is attached to a pin screwed into the side of the block. A
hole is bored through the centre of this block, in which a

thermometer is placed, so that all tests may commence at a

fixed temperature. When the machine is set in motion, the

body or thickness of the oil is indicated on the spring

balance, and as the oil thins or gets exhausted by the

frictional heat, it rolls off the disc and the balance runs

down. If the oil contains nothing but lubricating matter,

it will go down to about one pound, which is the friction of

the surfaces without oil, but if there is any glutinous

ingredient in the oil, the balance will not run down to

one pound, but the block will begin to jump or jerk at

various indications, from 5 pounds to 1 pound, according

to the amount of viscous matter contained in the oil.

The presence of gum is also shown by allowing the waste

oil to remain on the edge of the disc until cold, when

it will be sticky if there is gum, but limpid and soft if

pure oil.

Another form of oil testing machine consists of a heavy

vertical disc, revolving on a horizontal axle with rather

long bearings, very accurately fitted. The wheel is caused

to revolve by a known force, and the lubricating power

of a sample of oil is measured by the number of revolutions

which the wheel will make.
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LUBRICATING GREASES.

These greases are made of a very great variety of materials,

good, bad, and indifferent. For some kinds anything is thought

to be good enough, while there are others made of good

materials for lubricating certain special bearings where no

other kind of lubricant can possibly be used.

To these greases fancy names are often given, more

or less descriptive of the particular purpose for which

the grease is to be employed, while some of the names

are altogether fancy, and are not indicative either of the

use or the composition of the grease.

Most lubricating greases are made by treating a grease oil

or fat with an alkaline body, when a soap is made, which

amalgamating with the rest of the oil makes the latter

stiff and greasy. The two alkalies chiefly used are lime

and soda, the former when crude, rough greases are required,

the latter when better qualities are desired, although som.e

greases do not contain any alkali at all. Sometimes what

are known as fillings are put in. These consist of such bodies

as powdered gypsum, mica, French chalk, black lead,

etc., some of which add to the lubricating value of the

grease, while others do not and are put in to make the

grease apparently stiffer.

The following fats and oils are used in making these

lubricants :

—

(267)
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PALM OIL.

This material is used in making the best quahties of loco

greases. For this purpose the poorer qualities of palm oil,

which are rich in free acid, give rather better results than the

better quahties, because, during the process of making,

the acid enters into combination with the alkali used and

forms a soap which amalgamates with the remainder of the

oil and any other oil substance added to form the grease. If

the palm oil contains little free acid it is obvious that this

saponifying action cannot take place, and the formation

of grease takes place but imperfectly.

Tallow is frequently put into greases ; of course only the

commoner qualities are used, as the finer qualities have

greater value as soap stock.

OIL FOOTS of all kinds are commonly used. They are

scarcely usable for any other purpose owing to the colouring

matter and other impurities that they contain.

EOSIN OIL is one of the commonest grease materials,

and generally the crude grades are thus employed.

EOSIN OIL.

Rosin is the sohd residue which is left behind when

the crude turpentine resin from various species of pine trees

has been distilled by means of fire heat and steam to obtain

the turpentine spirit used by painters. Eosin has a strong

acid nature, but its constitution has not yet been fully

determined ; some authorities consider that it is a mixture of

two isomeric acids known as pinic and sylvic, while other

authorities consider that it is the anhydride of abietic acid.

It makes its appearance in the form of large homogeneous

masses, more or less transparent, varying in colour from

pale amber to almost black.

When distilled in a still with fire heat alone or with
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the combined aid of fire heat and superheated steam,

rosin undergoes decomposition and there are obtained :

—

(1) A watery acid liquor.

(2) Eosin spirit.

(3) Eosin oil.

(4) Pitch or coke.

The operation is conducted in a large iron still connected

with suitable boilers of about 2000 gallons capacity, the

operation taking about 35 to 36 hours to perform when
fire heat alone is used. There are usually obtained .S'l per

cent, of spirit, 85"1 per cent, of oil, 3'9 per cent, of coke, 2"5

per cent, of acid water, 5'4 per cent, of loss.

When superheated steam is used 15 per cent, of rosin

spirit, 62i per cent, of oil, and about 10 per cent, of pitch are

obtained. The acid water contains about 12| per cent, of

acetic acid. It is, however, rarely used for making that

product. The rosin spirit is refined by treatment with

sulphuric acid and soda and redistillation, when it is used as

a solvent in varnish making.

The crude rosin oil is a thick, viscid, dark brown coloured

liquid which, on standing, deposits crystalline particles. It

is certainly acid in nature, has a peculiar and characteristic

odour, and a strong bluish bloom. Three varieties of crude

rosin oil are collected at different periods of the distillation.

These are known as " hard," " medium," and " soft ". The

character of the oil is a.lso modified by the method of distil-

ling. If the distillation is conducted rapidly, then the "hard"

rosin oil is the result. If it is conducted slowly, then " soft

"

rosin oil is the product. Hard rosin oil is much thicker in

consistence than soft rosin oil. It is used to mix with lime

for making lubricating greases, while, on the other hand, the

soft fluid oil is employed for making greases with lime

which are more fluid than those got with hard oil. While

rosin oil is mostly sold in the crude condition as it comes
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from the still, especially for use in making greases, it is often

subjected to a process of refining which consists in treatment

with (1) sulphuric acid, and (2) caustic soda and redistillation.

In some cases the latter may be omitted. By this treatment

rosin oil becomes much paler in colour and freer from any

solid particles. By repeated operations, rosin oil of a pale

yellow lemon tint and neutral in its character can be

obtained. Eosin oil has a very high specific gravity, varying

considerably from 0"985 to 1"02. It is thick and viscid, but

becomes fluid on heating. When heated it gives off the

peculiar odour of burning rosin. Its flash point is very low,

usually about 322° F., . and the flashing is of a peculiar

character, being somewhat scintillating. The fire test also

is low, about 400° F. Another pecuhar property of rosin oil

is its action on polarised light, rotating the ray 30° to the

right. In this respect it differs from all other oils. The com-

position of crude rosin oil is exceedingly complex. It con-

tains members of the olefin, naphthene, benzene, and

terpene hydrocarbons. There are also present alcohols,

aldehydes, and ketate compounds, as well as acid bodies.

The more highly refined rosin oils do not contain the ketate

compounds, but comparatively more of the hydrocarbons.

Some of the crude rosin oils exhibit the tendency to dry

and become hard when exposed to the air, and hence have

been used for making paint. Their use for this purpose is

not satisfactory, for the oil does not dry properly, and exhibits

the tendency to soften after a long exposure to the air.

The crude rosin oils are largely used for making greases,

as will be described later on, while the more refined oils are

used for general lubricating purposes, for which purpose

they cannot be considered as ideal lubricants unless great

care has been taken in refining. They are of an acid charac-

ter, and have a corrosive action on the bearings of machinery
;

While being very viscid, they can only be used for lubricat-
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ing very heavy shafting and machinery. It should be stated,

however, that the best grades of rosin oil are quite neutral, and

have no corrosive action on metals. Eosin oil is sometimes

added to lubricating oils, but its presence is detected by its

high specific gravity and low flash point. It also has a very

peculiar and characteristic taste which cannot be mistaken.

Some information about rosin greases will be found below.

The following are some details concerning the various

grades of crude rosin oils :

—
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of liquor. Usually two tanks, constructed of brickwork

or concrete, are provided, one being used to collect the suds,

while the suds collected in the other tank are being treated

in the manner following : Sulphuric acid, or preferably

hydrochloric acid, is added to the suds, and after thoroughly

agitating the mixture it is allowed to settle, the fatty matter

comes to the top, is skimmed off, and thrown on to large

cloth filters to drain. The fatty matter thus collected is

known as " magma " or " sake," and the operation of treat-

ing the suds with acid is commonly known as "saking,"

probably a local corruption for " seeking ".

This magma is then sent to the grease mills, while

the residual liquid is run into the river. This magma is

now put into bags, which are piled up in a tank and then

weighted, and so left for a night, when a large quantity of

water is pressed out- Then the cakes of magma are placed

in a hydraulic filter press kept hot by means of steam, and

subjected to pressure, when a dark brown greasy product is

pressed out, and a more solid matter is left behind in the

bags. . The latter is known as " sud cake " and is used as

manure. The greasy matter referred to is known as "York-

shire grease ".

This body is sometimes used for making soap for wool

scouring, but is more frequently distilled for preparing wool

oil and stearin.

Yorkshire grease varies a little in appearance, but usually

is of various shades of brown, sometimes almost black.

It is very sticky, and easily melts, its melting point being

44° C. On treatment with soda or potash, it undergoes

partial saponification ; the soap so produced is not readily

soluble in water, and is of very short grain. Its specific

gravity at 15-5° C. varies from 0-939 to 0-957. So far

as my experiments go the lower specific gravity is always

associated with a low percentage of unsaponifiable matter.
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It contains free fatty acids, unsaponifiable matter, and

neutral oils, etc.

The free fatty acids vary -with different samples according

to the character of soap or fat originally used. The
unsaponifiable matter contains cholesterin, derived from

the natural fat of the wool, and probably also some of

the mineral oil which has been used in the wool batching.

The grease also contains water and mineral matter.

The following table shows the composition of four

samples of Yorkshire grease examined by the author :

—
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the cheapest of all grease stocks, and is therefore much used

in making the cheaper qualities of greases.

DAEK PBTEOLEUM OILS are often mixed with

greases to give them greater lubricating powers. These oils

are of brownish colour, varying in consistency from liquid

oils (summer dark) to thick tarry oils (cylinder oils). They are

perfectly neutral, and have no power of combining with

alkalies. They will dissolve soap when the latter is presented

to them in a dry condition. These oils are fairly cheap. In

some of the better qualities of greases the filtered petroleum

oils, which are of a brown or yellow colour, are employed.

Regarding the use of caustic soda and lime little need be

said. The former gives smoother greases than the latter,

and its soaps are more easily soluble in the other oils. Lime

is the cheaper of the two, and is hence used in making the

cheapest greases. It gives stiffer greases than soda, which

has a higher melting point.

Of the filling materials used, gypsum, or mineral white,

has no lubricating power at all. French chalk possesses

some slight lubricating properties, being smooth and soft

to the touch. Black lead, or plumbago, is a well-known

lubricant, especially for wood.

MANUFACTURING RECIPES.

The following details showing the method of making

various kinds of lubricating greases will be found of service:

—

Wheel Grease. Take 5 pounds of quicklime and slake

with 20 pounds of water, then sieve well, and stir into

the lime paste 4 gallons of " hard " crude rosin oil, then allow

it to stand for twelve hours, pour off the water, and stir in 5

gallons of anthracene grease oil. Now heat the mass to

240° F., stir well the whole time, until a good mixture is

obtained, then allow to cool to set.

Tram Grease. Take 10 gallons of anthracene oil, and
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stir in a paste made from 5 lbs. of quicklime, well slaked,

and mixed with 5 lbs. ground gypsum, then heat up as

before. In heating greases which contain water care must

be taken, as they froth a great deal, and hence capacious

vessels must be used. Too prolonged heating is to be

avoided, as with some greases so doing reduces the stiffness

very considerably.

.-JTni-.-np.r.k. nrp,q,xp. Take 20 Ibs. of soap, cut in thin flakes,

and dry it. Then take 30 lbs. filtered cylinder oil, and 30

lbs. '91.5 petroleum oil. Mix the two together, and heat to

240° F. Then add the soap and stir well, maintaining the

heat until the soap and oil have amalgamated, when the

mixture may be allowed to cool down. When cold it will

be found to be stiff.

Axle Grease for Wood. Take 2 gallons of " medium ''

rosin oil, and stir in 5 lbs. of quicklime, slaked with 2 gallons

of water. Then stand for 12 hours, or until the next day.

Pour off any water that may separate. Then stir in 5

gallons of coal tar grease oil and 5 lbs. of powdered black

lead. Generally it will be found sufficient to mix the

materials cold, but a little heating will make a more homo-

geneous grease.

Loco Grease, k common kind of loco grease can be

made from 60 lbs. Yorkshire grease mixed with 20 lbs.

summer dark oil, and heated with 6 lbs. quicklime, slaked

with 2 gallons of water. The best loco grease is made from

palm oil, tallow, seal oil, and soda crystals. The soda

crystals are dissolved in about an equal weight of water,

and then stirred into a melted mixture of the fats. The

proportions used are varied according to the different seasons

of the year. In summer a stiffer grease can be used than in

winter. This variation is attained by using more palm oil

and soda crystals in summer than in winter, while it is the

custom to add a little' sperm or seal oil in winter. The
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proportion may be varied to some extent. Too much soda

should be avoided, as any excess tends to make the grease

hard. A good proportion is 50 lbs. tallow, 28 lbs. palm oil,

2 lbs. sperm or seal oil, and 12 lbs. soda crystals. Another

mixture is 40 lbs. tallow^, 40 lbs. palm oil, 4 lbs. whale oil, and

12 lbs. soda crystals, the latter being dissolved in an equal

weight of water.

Bosin Grease. Take 10 lbs. quicklime, slake well with

water and sieve free from grit, stir into 30 lbs. " hard " rosin

oil, and allow to stand for 12 hours. By using 20 lbs.

" hard " and 10 lbs. " soft " rosin oils, a thinner grease will

be got.

By heating rosin grease with rather more oil than is

given in the above recipe a clear, transparent, jelly-like mass

or grease can be got.

Equal parts of " hard " oil and slaked lime give a hard,

granular grease, which cannot well be softened down by the

addition of more rosin oil. Not less than two parts of

" hard " oil to one of slaked lime is required to give a grease

of a good consistence. With " medium " oil 1| of oil to 1 of

slaked lime gives a grease; with "soft" oil only a thin

grease can be got. If larger proportions of oil than those

mentioned be used, thin pasty greases are obtained. Much,

however, depends on the quality of the oil which is used.

Tram. Grease. A fine grease is made from 10 lbs. "hard
"

rosin, 10 lbs. 885 mineral oil, and 10 lbs. slaked lime.

Axle Grease. Melt together 14 lbs. palm oil, 22 lbs.

anthracene oil, 10 lbs. rosin oil, and 1 lb. soap, keeping the

mixture heated until a clear, transparent mass is obtained,

then allow to cool.

Solidified Oil. Under this name are sold products derived

from petroleum and Scotch shale oils, which may be regarded

as greases. To make them take 50 lbs. of 885-90 mineral

oil, heat to 180° F., then throw in half a pound of soap cut
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into fine chips and dried as much as possible by exposure to

the air; the heating is kept on until the soap is entirely

dissolved in the oil, when the mixture may be allowed to

cool down.

Hot-neck Grease. A. common hot-neck grease can be

made from 5 lbs. wool pitch, 20 lbs. brown grease, 30 lbs.

hard rosin oil, 40 lbs. dark cylinder oil, and 5 lbs. dry slakjd

lime, heated together until a homogeneous mass is

obtained.

Colliery Grease. 50 lbs. rosin oil, 40 lbs. grease oil, 30

lbs. dark cylinder oil, 5 lbs. Yorkshire grease are mixed with

20 lbs. slaked lime.

Mica Grease. 60 lbs. rosin oil, 50 lbs. 890-95 Scotch

shale oil, 20 lbs. French chalk, and 20 lbs. slaked lime are

stirr'ed together.

Plumbago Lubricant. 20 lbs. slaked lime, 70 lbs. " hard "

rosin oil, 70 lbs. anthracene oil, and 20 lbs. plumbago are

stirred together in the usual way.

These are a few of the many recipes which cotfM be given.

They will serve to show on what lines to work in making

greases.

ANALYSIS AND TESTING OP GREASES.

Analysis of greases to ascertain the character and nature

of the various constituents is one of a most difficult

character, and requires on the part of the analyst a very full

knowledge of all the substances which may be used in the

preparation of greases, and also requires a good knowledge of

the methods by which greases are made. It is not possible

to draw up a general scheme by following which any kind of

grease may be tested ; that given underneath may be taken

as a type of a general mode of working, but the analyst must

be prepared to devise his own method, according to the

character of the results he is obtaining.
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Greases vary in character from simple to most compleXi

They may contain :

—

Water.

Soap.

Free alkalies.

Inert mineral matter.

Fatty oil.

Mineral oil.

Pitch.

Coal tar oil.

Rosin oil, etc.

Watbe. The amount of water in a sample of grease

may be estimated by taking 6 grammes in a porcelain crucible,

and putting it in an air" oven at about 220° F. until it ceases

to lose weight. The loss of weight may be taken as -the

amount of moisture in the grease.

MiNEEAL Mattee. The residue left in the crucible after

the determination of the moisture may be heated in the

Bun sen burner until all combustible matter has been burnt

off. The residue is the mineral matter present in the grease,

and this now may be inquired into. The substances most

likely to be present are sodium compounds and lime, calcium

sulphate, barium sulphate, mica, and French chalk. The
residue should be treated with dilute hydrochloric acid,

which will dissolve out the sodium compounds and the

lime. The other constituents just named will remain behind,

being insoluble in the acid, and they can be filtered off. To
the acid solution may be added first a little ammonia chloride

and then ammonia (if a faint precipitate of alumina be

obtained it may be neglected). To the solution is then

added some ammonium oxalate ; if a white precipitate forms

it indicates the presence of lime in the grease. This

precipitate may be filtered off and the solution boiled down,

when it will give a bright yellow colour to the Bunsen flame
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if there be any sodium compounds present. Any inert

mineral matter which may be present in the grease will

remain in, the portion insoluble in the acid, and this is

best determined by an examination of its characteristics. If

it be French chalk then it will have a soft smooth feel, if it be

mica the particles will be more or less flaky and silvery, if it

be calcium sulphate it will give a reddish colour to the

Bunsen flame, while if it be barytes

then the Bunsen flame will be coloured

Hght green.

PEEE OIL.

Greases contain a large quantity

of oil or oily matter of various kinds

ill the free condition. This is best

determined by extraction in a Soxhlett

fat extraction apparatus. This ap-

paratus consists of three parts, first

a flask, second a Soxhlett fat tube

which is shown in Figure 64, and third

a vertical Liebig's condenser, these

three pieces being connected together

in the above order as shqwu in Figure

66. The grease to be treated is

weighed, 10 grammes in a piece of

filter paper. It is then placed in the

Soxhlett tube, a quantity of petroleum

ether is poured into the flask, which is

then connected with the Soxhlett tube and this again with

the condenser, the flask being placed in a water bath. On
heating the latter the ether is caused to vaporise and pass

into the condenser, whence it flows back into the Soxhlett

tube, where it accumulates and exerts its solvent power upon

the free oil in the grease. When the quantity of ether has

accumulated to such an extent as to rise above the level

Fig. 64. Soxhlett Fat Ex-
traction Tube.
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(r^:

of the syphon tube, it begins to run off to the flask below

with the oil which it has dissolved'. The ether is volatilised

again and accumulates again in the Soxhlett tube, extract-

ing a further quantity of grease, after which it is ready to

pass througlj the same cycle. Generally it takes about one

to one and a half hours to fully extract the

free oil from a sample of grea,se. The

ethereal solution is run into a weighed

glass, the ether evaporated, first in a

water bath, finally in an air bath, and the

residual grease weighed, when it is ready

for further examination. It should be

examined for free acid, which would tend

to indicate the use of Yorkshire grease.
*

For saponifiable fat and for any un-

II saponifiable fat or oil which may be pie-

sent, the methods for such tests are de-

scribed in the chapter on Oil Testing.

The residue which is left in the filter

paper in the Soxhlett tube will contain

any soap which is present in the grease,

together with all mineral matter, which

should be examined and the quantity of

soap determined by decomposing it with

dilute hydrochloric acid, separating the fatty matter, from

the amount of which the corresponding amount of soap

may be deducted. The character of the fatty matter can be

obtained from an examination of it.

h

EiG. 65. Pat Extrao.

tion Apparatus.
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LUBRICATION.

When two surfaces are caused to rub one upon the other,

friction is generated to a greater or less extent. This friction,

when it occurs in a machine, is bad, because it leads to

excessive wear of the working parts of the machine, and

if allowed to go on is likely to lead to other evils,

distortion of the machinery, breaking down, etc. It is the

object of all machine users to keep this friction down to the

lowest possible point. It is not possible to reduce it alto-

gether, but it can and should be kept down to a minimum
amount. To reduce this friction, what are called lubricants

are applied between the rubbing- surfaces, and of all bodies

which are capable of being used for this purpose, the oils

described in previous chapters give the most satisfactory

results.

Lubricants should, according to most modern writers on

the subject, possess the following properties :

—

1. Enough viscosity or body to keep the surfaces from

coming into contact under the maximum pressure which

may be applied to them.

Theoretically, if friction results from the rubbing of two

surfaces together, and if it is wanted to reduce this, then

steps ought to be taken to keep the two surfaces apart.

It is obvious that this is practically impossible, but if we

can introduce betv/een them a body, like an oil, which has

sufficient adhesive power to adhere to the surfaces, and but

little cohesive power in itself, then there would be two films

(281)
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of lubricant between the surfaces, and the friction which

occurs will take place between these two films. Viscosity or

body, therefore, is a property of oils which is really depend-

ent on two factors—the cohesion of its particles together,

which prevents them being forced asunder by pressure ; the

adhesion which it has for other bodies, which enables it to

adhere to the rubbing surfaces under any pressure.

Bodies may possess great cohesive force but very little

adhesive tendency—mercury, for example. These are inad-

missible as lubricants. There are bodies which have opposite

properties—water may be taken as an example—and al-

though they are more useful as lubricants than the first-

mentioned, yet are not wholly satisfactory as lubricants.

2. To have as much fluidity as is consistent with the

foregoing requirement.

Fluidity is an essential condition for a perfect lubricant,

for it is only fluids that possess at once that adhesive property

above spoken of with the facility of motion of their own
particles that will prevent friction. Although solids may
have adhesive properties, yet it takes a considerable amount

of power to destroy the cohesive force which binds their

particles together.

3. A great capacity for storing and carrying away heat.

In other words, the property of keeping a bearing cool.

4. A high temperature of decomposition or of evaporation

and a low solidification temperature.

These are important essentials. It is obvious that a

body cannot be used as a lubricant which would be liable to

decompose at, say, 100° C, and probably into constituents

which might injure the machine. Again, when a body

becomes solid, it loses its lubricating properties in a great

degree. Hence, although coconut oil is a good lubricant at

high temperatures, yet it cannot be used at ordinary tem-
peratures because of its becoming solid.
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5. Freedom from tendency to decompose or oxidise by

exposure to air ; or, in other words, free from the habihty to

gum or clog the bearings.

6. Freedom from acidity and from any tendency to

corrode the metal of the bearings to which the oil is applied.

These last two conditions will be dealt with presently.

The hydrocarbon oils are the only kind which satisfies the

above conditions in the greatest degree.

Lubrication of machinery is divisible into two sections :

—

A. Lubrication under ordinary atmospheric conditions,

which includes the lubrication of all machines, shafting,

steam engines, etc.

B. Lubrication at high temperatures and in contact with

steam, which includes the lubrication of steam and gas engine

cylinders and valves.

In dealing with these subjects it will be necessary to

repeat in another form what has already been said in previous

chapters. This will be done for the sake both of clearness

and giving a more complete review of the subject of lubrica-

tion.

a. lltbrication tjndee ordinary atmospheric

Conditions.

The action of the atmosphere on oils is the first point to

be considered in connection with their use as lubricants.

To some extent what this action is will have been inferred

from what has already been said about the properties of oils

in previous chapters, but it will be well to repeat in a more

definite form the salient points of this important subject.

The atmospheric agencies which act destructively on oils

are two, viz., oxygen and water. Some other influences,

such as heat, have some action on oils in special places, but

as these are of exceeding rare occurrence we can leave them

out of account.
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The oils, being spread over the bearings in an exceeding

thin film, offer a great, surface for the action of these

destructive agencies.

Oxygen acts upon all the fixed or fatty oils to a greater or

less extent. Some, like linseed, hemp seed, and a few other

oils, are greatly affected, while others, like sperm oil, olive,

lard, are not much altered. The absorption of oxygen by

oils leads to the formation of a hard, dry, resinous mass,

which sticks to the bearings, and the formation of this mass

is the cause of the " gamming," as it is technically called, of

oils. On this account those oils which possess this property

in only a slight degree are to be preferred as lubricants.

Those oils which, like linseed, dry up entirely are absolutely

useless as lubricants, although this very property gives them

value to the painter ; while other oils which, like cotton or

whale oils, do not dry up entirely, but become simply thick

and viscid, are not admissible for this purpose. Oxygen

does not act on the hydrocarbon oils at all, and mixing a fat

with a hydrocarbon oil to some extent prevents the gumming

due to the former.

The absorption of oxygen by oils leads to the development

of heat. This is greatest when the absorption is greatest.

When a little linseed oil is poured over a lump of cotton the

amount of surface exposed is very great, and consequently

the action of the oxygen is great also. The heat that

is developed may rise so high that the cotton will become

charred, and not infrequently burst into flames.

This spontaneous combustion of oily cotton is a feature

of great interest in the use of oils in textile mills. In these

there are always large masses of cotton, wool, etc., lying about

in heaps or covering the machine as fluff. Should these

become covered, accidentally or otherwise, with oil, and other

conditions are favourable, then the oxidation of the oil may
go on so rapidly and to such an extent that the fibre will
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burst into flame, and a fire is the result. Now, it has been

found that only the fatty oils have this property of causing

spontaneous combustion ; the hydrocarbon oils, having no

property. of absorbing oxygen and combining with it, cannot

cause spoiitaneous combustion ; and, further, it has been

shown by Gellatly and others that mixing hydrocarbon with

fat oils prevents the latter giving rise to the spontaneous

combustion of fibrous bodies.

Thus Gellatly obtained the following results by saturating

a handful of -cotton waste with various oils, wringing well to

get rid of superfluous oil, then placing the oily waste in a

chamber kept at a temperature of about 170° F., at which, as

we have shown, oxidation begins.

Boiled hnseed oil. One sample fired in 75 minutes,

another in 105 minutes.

Eaw linseed oil. Two samples fired in 4 and 6 hours

respectively.

Eape oil. Sample put up at night was found to have

been wholly consumed, box and waste, by next morning.

Olive oil. Two samples fired in 5 and 6 hours re-

spectively.

Lard oil fired in 4 hours.

Seal oil fired in 100 minutes.

Sperm oil refused to ignite or to char the waste.

Mineral oils absolutely refused to ignite, and mixtures of

80 rape and 20 mineral, and of 50 seal and 60 mineral,

did not, when placed in a warm chamber, develop a

temperature sufficient to char the cotton.

It would be well therefore for textile manufacturers to use

either pure hydrocarbon oils or mixed oils, and for insurance

companies to see that no other oils are used. Then no risks

would be run of fires from the spontaneous combustion of

oily fibrous materials ; for there is no doubt that many

textile mill fires have had their origin in this manner.
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Moisture acts somewhat differently on the fatty oils^

it leads to the splitting up of the oils into their two

constituent parts, the base glycerine and the peculiar

fatty acids of the oil.

The former is a neutral body and has no corroding action

on the metal, neither has it any lubricating properties.

The fatty acids have a strong corrosive action on the metal

of the machinery. They chemically combine with it, forming a

kind of greasy soap which settles in cakes on the machinery

and which leads to a rapid and mostly an unequal wear and

tear of the machinery. These fatty acids have a much

stronger action on brass and copper than on iron.

This decomposing action of moisture is much aided by

heat. Hence, when fatty oils are used for lubricating

machinery in warm and moist places, there is a great

tendency for the machinery to " gum " and for the bearings

to be corroded. It would be advisable not to use a fatty oil

in such places, or to use one which originally contains any

or much free acid.

Hydrocarbon or mineral oils, being perfectly neutral

bodies, are not decomposed by water in any way ; indeed

they undergo no change whatever when exposed to the

atmospheric influences to which they are subjected when

used for lubricating machinery.

Friction in a machine is caused by the rubbing of its

working parts over one another. It is greatest in a badly

constructed, roughly put together machine, and is least

in well finished machines where the journals, bearings, and

other rubbing surfaces have been well polished, and it

is greater in a new than an old machine ; it is generally

in such machines the sole loss of power, and so it is

desirable to keep it down as low as possible. In a machine

well lubricated there is friction due to the solid working parts

of the machine and fluid friction due to the lubricant used.
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The friction of solids is of two kinds, sliding friction and

rolling friction. Sliding friction occurs when one flat surface

shdes over another flat surface ; its amount is dependent

upon the character of the surfaces, being least with smooth,

greatest with rough surfaces ; it increases or decreases with

an increase or decrease in the pressure. The material of the

rubbing surfaces also has some influence, the friction on soft

wood is greater than on hardened steel. Kolling friction

occurs when one revolving surface rolls on another surface

either flat or curved ; its amount is dependent on the

pressure, speed, and condition of the rolling surfaces.

Fluid friction is quite different in its origin, and is there-

fore subject to different laws than what pertain to the friction

of solids. The friction of fluids is quite distinct from the

friction of solids ; it occurs when a mass of fluid flows

tlirough another mass of fluid, and its amount depends very

greatly upon the relation in the masses of the fluids and

their position. When a fluid flows through a pipe it is

found that the fluid in immediate contact with the sides of

the pipe flows very slowly, its motion being retarded by

contact with the pipe. At the centre the motion is quickest,

and it gradually decreases towards the sides, where it is

slowest ; the same thing happens when a mass of fluid flows

through another mass of fluid, which forms the bounding

surface at which the friction which occurs causes the

speed of flow to be less than in the centre or point

farthest removed from the surfaces of contact of the two

fluids.

The friction of fluids is independent of the pressure to

which they may be subjected, is proportioned to the area of

the surface of friction, varies with the velocity, but is

independent of the nature of the surfaces with which it is in

contact, although the degree of roughness of those surfaces

has some influence on the amount of friction.
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It varies with different fluids according to their density

and relative viscosity.

The friction of a lubricated surface is a compound one,

part being due to the lubricant and part due to the rubbing

surfaces. When well lubricated it obeys the laws of fluid

friction to a great extent. On the other hand, a badly

lubricated surface is governed by the laws of solid friction.

With very heavy pressures and slow speeds, tlie moving

part and its bearing are forced into close contact, and there

is a considerable wear of the surfaces, while in the case of light

pressures and high velocities, such as are met with in the

spindles of a spinning frame, the moving surface floats on a

film of the lubricant, and the friction thus occurs between two

layers of fluid, one in contact with each surface. These cases

represent the extreme limits met with in the lubrication of

machinery, one limit being that of purely solid friction

where great friction and resistance are met with, the other

where the friction and resistance are entirely due to the fluid

lubricant, and which generally separates completely the

surfaces of the solids.

The factors which govern the selection of a lubricant for

particular purposes are speed, pressure, temperature.

1. Speed. This is a most important factor in guiding

consumers in selecting oils for lubricating a machine. The

rule is a very simple one, the quicker the speed the thinner

and lighter is the oil that is required. If ah oil with a great

viscosity were used for lubricating spindles, for instance,

which revolve at from 6000 to 8000 revolutions per minute,

the cohesive force which holds the particles of oil together is

too great and cannot be overcome with sufficient rapidity at

the speed of revolution, and so a certain amount of friction

is introduced which tends to reduce the speed of the spindle,

which is not desirable. On the other hand, with a slow

motion an oil that would give good results when used on a
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spindle would fail, because it would not have sufficient

viscosity to remain on the bearings.

2. Pressure. This is equally as important a factor as

speed. Where the pressure is light, as in the foot-steps of

spindles, bearings of small levers,, a light oil of low viscosity

is required, and will be found sufficient to keep the surfaces

apart and prevent friction. With heavy pressures, as on

engine shaft bearings, the bearings of calender bowls, etc.,

a heavy, high viscosity oil is required ; one which has great

cohesive and adhesive properties is especially required, so that

it cannot be pressed out from between the bearings under the

heaviest pressure to which it is subjected.

Speed and pressure are intimately connected. High

speeds are nearly always associated with low pressures, and

vice versd. High pressures are nearly always combined with

slow speeds, although there is much variety of conditions of

speed and pressure under which a machine can be worked.

3. Temperature. This is also an important factor to be

considered in selecting oils. An oil that would work satis-

factorily in a cold place would not give equally satis-

factory results in a hot room. The heat would cause the oil

to lose some of its viscosity and to flow too freely from the

bearings, and hence not lubricate them properly. In hot

places a more viscous oil can be used than should be selected

for cold places. Again, an oil that is used in such places as

the turning shops of iron works, and for lubricating outside

bearings and motions of all kinds, should have a low setting

point or cold test. For such purposes there are no better

oils than the Russian petroleum oils, which have low setting

points, while of the fatty oils, sperm, rape, and castor are the

best for cold places.

In selecting oils for the lubrication of machinery the

following hints will serve to guide consumers and dealers in

their selection of a suitable oil :

—

19
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Under very great pressures and slow speeds : Blacklead,

talc mixed with tallow if in a warm place, or with castor oil

or Russian petroleum oil in a cold place.

Under heavy pressures and slow speeds, such as the

bearings of engine shafts, calender bowls, crushing mills :

Lard, tallow if used in warm places, or castor oil, heavy

American petroleum oils of 910-9^0 gravity, and Eussian

petroleum oils in cold places.

Heavy pressures and high speeds : Eape, olive, and lard

oils or mixtures of these with heavy American oils of 905-910

gravity for warm places ; rape, 905-910 American and light

Eussian petroleum oils in cold places.

Light pressures and high speeds, such as the spindles

of textile spinning frames, etc. : Sperm, .olive, rape, heavy

Scotch shale oils of 885-890 gravity, or mixtures of hght

shale and petroleum oils of 880-900 gi-avity with sperm, rape,

olive, coconut, lard, or other fat oils. :

For shafting and all other ordinary machinery bearings

:

Olive, rape, lard, heavy shale, medium American petroleum

and the thinner Eussian oils, either alone or mixed together,

can be used with very satisfactory results. In making the

selection regard should be paid to the average working

temperature of the place or works. A pure hydrocarbon oil

or a mixed hydrocarbon and fat oil will give far better

results than can be obtained by using a pure fat oil.

It should be the rule to use the thinnest oil that will

reduce the friction of the machinery to the minimum amount,

as the use of too heavy an oil simply means the use of extra

power, which is not. economical. In those cases, as in the

bearings of marine engine shafts, slides and screw shafts,

where, owing to incessant use day after day without stopping,

there is considerable tendency to heating, it will be found

best to use a pure mineral oil. Give a very liberal feed,

collect the surplus oil in suitable drip tins, allow this to stand.
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Of filter it from any dirt or grit, and use it again. The

question arises whether it would not be worth while for

marine engineers to invent a form of hollow bearings through

which a current of cold oil or water could be passed. The

former would be preferable.

A Tnachine will contain within itself both quick and^ slow

speeds, and heavy and light pressures ; now it will follow,

attending tathe rules laid down, that to efficiently lubricate

such a machine, a spinning frame for instance, a variety

of oils would be needed, a thin oil for the quickest bearings,

a thick oil for the heaviest and slowest bearings and medium

oils for intermediate pressures and speeds
;
practically it will

be found impossible to carry out this provision of oils to its

fullest extent, as workmen cannot always be trusted to use

the right kind of oil in the right place, but at least two

kinds of oil should be provided—a Ught Oil for the quicker

motions and a heavier oil for the slower motions.

No solid oil or grease should be used ioi lubricating

ordinary machinery for reasons already given. It is on

record that a mill in America which used to be lubricated

entirely by greases was with difSculty driven by the water-

wheel ; replacing the grease with a mineral lubricating oil it

was found that there was quite sufficient power to drive the

machinery, and experiments showed that it took 25 per cent>.

less power to drive the machinery with oil than with grease^

and the general temperature of the machinery was 35 less.

Oil (''dealers are in the habit of talking to their customers-

a good deal of twaddle about oils, much of which arises from

their ignorance of the real properties of oils and of

lubrication ; they will enlarge on the merits of having an oil

of high flash point, arguing that it must be safer than an oil

of low flash point. Well, so it is, but flash point is not

everything in oils ; it may be accepted that for ordinary

machinery bearings any oil flashing above 330° P., and
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for spindles any oil flashing above 350° F., is safe enough.

Now, high flash point is invariably associated with high

viscosity, and if for fast and light machinery, such as

spindles, it is necessary to keep the viscosity low, then

the flash point must be low too ; in fact both oil dealers and

consumers should make viscosity, not flash point, the real

crux or test point of oils ; the great objection to this so far

has been the want of a standard apparatus for the determina-

tion of viscosities. This, however, has now been remedied.

Some dealers have much to say about the body of their

oils. They are continually aiming at having great body, and

will offer their customers for the lubrication of spindles an

oil having a body or viscosity high enough for an engine

shaft. This is pushing the matter too far to the other

extreme. If viscosity or body is to be dilated upon, it should

he done in an intelligent manner, and the viscosity of an oil

should be carefully adapted to the particular purpose for

vyhich the oil is to be used.

Marine engineers have a fondness for the oils they use on

the 'slides and other bearings to work what they call soapy

or with a froth, being under the opinion that the bearings

are being efficiently lubricated when this occurs. This is a

mistaken notion for two reasons, because efficient lubrication

can be got without soaping or frothing, and because soaping

and frothing cannot be got without the use of rather poor

qualities of fat oils.

Oils are also sold under a variety of fancy names. This

is all very well, and there is no objection to a dealer giving

any name he likes to his oils. The great objection is charg-

ing a fancy price for such oils, far beyond their actual worth

The production of stains in cloths by the oils used for the

lubrication of textile machinery of various kinds is one of

great importance, and the necessity of avoiding the produc-

tion of such stains has led to the introduction by dealers of
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" stainless oils " for the lubricatioa of spinning frames and

weaving macbinery. Some of these are correctly named,

others are mere rubbish and are
'

' stainless " only in name.

Oil stains on cloth arise in several ways. However much care

be taken in the working of the textile machinery, it is always

impossible to prevent accidental splashes of the oil on the

yarn or cloth. The modern spindle practically revolves in a

bath of oil. Some of this, by the centrifugal motion, cannot

fail, with many forms of spindle, to be thrown on the yarn

as it is being spun. To prevent this to a great extent foot-

step protectors have been invented. Those made by Messrs.

B. Jagger & Co. of Oldham are very efficient in preventing

splashing of oil. Then in the loom there is a liability of oil

dropping from overhead motions on to the warp or woven

cloths. These oil stains are most undesirable, as they

spoil the appearance of the cloth. They must be got

out by some means. Now it has been found that these oil

stains can be divided into two kinds, one that can be easily

got out by treatment with alkaline liquors, such as boiling

with solutions of soda ash, caustic soda, and lime, and

another kind of stain that cannot be got out by these,

practically the only cleansing processes that can be applied

to textile fabrics. These fixed stains are of two kinds, one

oily, evidently due to the oil used, the other of a metallic

—

chiefly iron—origin. The latter stains have probably got

on to the fabrics in this way. The friction of the machinery

causes the wearing down and the production of a fine

metallic dust from the metal of the bearings. This gets

into the oil, and, of course, if any of this gets on the fabrics

the process of cleansing does not affect them, in fact it tends

to fix them on the cloth, while the oil is washed away. They

can only be removed by treatment with acids. As they

are derived from the metal of the bearings, oils that are

acid, and hence liable to corrode the metal, are more liable
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to produce them than pure neutral oils. Iron stains are red,

and can be tested for in this way. Treat the stain with a

drop of hydrochloric acid, and then a drop of a solution of

ferrocyanide (yellow prussiate) of potassium, when a blue

colour, showing the presence of iron, will be obtained.

Copper or brass stains may be of various colours—black,

grey, or greenish. Treated as with iron stains, they will

give a brown colour, or, if first with hydrochloric acid, then

with a drop of ammonia, they will give a blue colour, turning

black on adding a drop of ammonia sulphide.

. Mineral oils are thW only oils that give a permanent stairi

on fabrics. ; If ' a drop of such oil gets on to textile fabrics,

whether it be a so-called " bloomless " or " stainless " oil or

not, it cannot be got rid of entirely.' How much is got rid

of depends upon the length of time which elapses between

the oiling of the goods arid the cleansing operation. The

longer the interval, the more the oil has the chance of

penetrating into the fibres of the cloths or yarns, and the

more it resists the cleansing! process. The only way of

removing such stains is to cover 'them with olive oil, allow

this to soak well in, and then scour with: soda lye. in the

usual way. 'Even then it is, sometimes difficult to remove

them fentirely;- Stains caused 'by mixed oils are removed

more easily, but it has been found by Scheurer that the

proportion of mineral oil must not esfceed' 50 per cent, of the

mixed oil. Even then it requires prolonged treatment to

remove all the oil. From which it will, be seen that no

mineral oil, or even a mixed oil, can really be considered, nor

should they be sold, as '('stainless oils," although such is

done too often. Some qualities of these " stainless oils " are

veryT.paLe' in colour, almost white./' They impart no. or but

slightly visible stains, and hence in a sense justify their

name. A lubricating oil containing more than 25 per cent,

of mineral' oil c'annot be considered as a " stainless oil,"
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because it is impossible to ensure the entire removal of the

oil stains it may produce if it contains more than that

amount.

Cotton cloths have to be bleached, and they pass through

a very severe treatment with alkali and chlorine during the

process. If any mineral oil is left in the cloths after the

treatment with alkali, the chlorine attacks it, and forms

decomposition products.

These are at first white, after some time become yellow,

and thus spoil the appearance of the fabrics. Such stains

are difficult to remove, and the only practicable method is to

saturate them with olive oil, and, after soaking for some
time, boihng with alkaline lyes.

It will be found best to take proper precautions to prevent

splashing of the oils from bearings on to the cloths, etc.,

while they are being spun or woven, and there is more
chance of success by so doing than by using nine out of ten

samples of stainless oils.

B. Lubrication at High Temperatures.

The second part of lubrication deals with the lubrication

of steam and gas engine cylinders, a subject of great import-

ance to users of engine power who, and especially their

engineers, have very little knowledge of the scientific

principles that underlie the lubrication of engine cylinders,

and very few oil dealers are in a position to properly advise

their clients on this matter.

The conditions to which oils are subjected when used for

the lubrication of a cylinder are those to which they might be

subjected under ordinary circumstances, and which have

already been dealt with, and three new conditions, viz.

:

heat, pressure, and moisture ; and these are the main factors

to be considered.

Oils which are not altered under ordinary conditions, and
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are therefore efficient lubricants for machinery, are much
affected by the increased heat and pressure to which they are

subjected, and to a greatly increased action of water when

used in steam engine cyhhders.

The temperature to which the oils are subjected varies

with the pressure, and the following table shows the

relation of temperature to pressure :

—



ENGINE. CYLINDER LXTBRICATION. 299

and hence it follows that those oils which suffer the least

loss of viscosity under the influence of heat must be best.

Oils vary much in this respect. Some, like sperm, thin down

very little ; mineral oils attenuate very much—the Eussian

oils being the worst sinners in this respect. This loss of

viscosity by heat decreases the adhesiveness of the oils for

the hot surfaces, hence there is more tendency for hot

surfaces t6 work " dry" than for cold surfaces. Experience

has shown that fat oils lose very much of their adhesive

power by heat, distilled mineral oils next, and that a steam-

refined and filtered natural cylinder oil loses the least in

proportion. This is therefore a more efficient cylinder

lubricant than either of the other kinds.

TABLE OF VISCOSITIES OP OILS.
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purpose were tallows, suet, neatsfoot and castor oils. These

were the favourites with engineers, although occasionally

other oils were used. These and all fat oils should never

he used for the purpose.

- The reason for this can be sought in the chemical com-

positions of the oil or fat. These are, as already explained,

giycerides, and when they are brought under the conditions

present in a steam engine cylinder, heat, aiid -pressure in the

presence of water, they are split up into their two constituent

parts—^the base glycerine and the fatty acid peculiar to the

j^articular fat or oil used. The glycerine being volatile in

the presence of steam passes away with the exhaust steam

;

the fatty acid not being volatile remains behind in the

cylinders and settling on the metal begins to corrode it,

forming solid cakes and balls of a black greasy substance

consisting of fat and grease, fatty acid, partly free and partly

in combination with iron, particles of metalHc iron. It is no

uncommon thing to take large masses of this stuff out of

a cylinder.

This corrosion leads to pittirig of the working and other

surfaces of the cylinder ; the friction and therefore the wear

of the rubbing surfaces are increased, which means an increase

in the cost of repairs. It is no uncommon thing to take out

bolts which have been corroded away to a mere thread by

the action of the fat acids which have been formed by the

decomposition of the fats and oils used. This evil is

intensified where suet is used, for here the animal tissue

which is present in suet is an additional source of trouble, as

it gets into the interior of the cylinder and clogs the piston in

its working, beside^ having a greater tendency to cause the

formation of cylindeir grease balls.

It is evident therefore that fat oils, such as tallow, lard,

castor oil, neatsfoot oil, are not suitable for use as lubricants

for steam engine cylinders, and their use should be abandoned.
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When after:using such oils a change is made to a mineral

cylinder oil, the cakes of grease, etc., begin to soften and

gradually work out, and the cyHnder gets foul very quickly.

Hence users are often led to think that mineral oils work

dirty and give up their use ; this is a mistake, the use of the

oil should be persevered in, the cylinder will gradually become

freed from the residues of fatty matter and then these oils

work as clean as an oil can be expected to work.' In gas

engine cylinders the evils attending the use of fat oils which

are found in steam engine cylinders are much intensified

by the oil being subjected to greater heat and to risk of

burning from the flame of the explosion, whereby it is

subjected to a burning action leading to the partial

combustion of the oil, evolving unpleasant odours and the

deposition of . solid carbon on the working surface. This

undesirable feature of the decomposition of oils is in

addition to being split up into their base, glycerine, and

the fatty acid, so that if fatty oils are objectionable to use for

steam edgine cylinders they are still more objectionable

for use in gals engine pylinders. In the hydrocarbon

cyUnder oils, fortunately, the engineer has a variety of oils

that are free from the objections attending the use of fatty

oils for the lubrication of engine cylinders. These oils are

obtained from petroleum.

Of these petroleum cylinder oils there are two kinds :

Isti,: dark cylinder oils of great body obtained from the

natural i oils by a process of distillation to free them from the

more volatile oils, by refrigeration and filtering to free them

from paraffin and grit. They vary in consistency : some are

viscid fluids, others are of a buttery consistency, some are of

a dark colour varying from brown to black, others are

pale, brownish yellow, and all have a strong greenish

fluorescence or bloom ; these variations are dependent partly

on the quality of the natural oil from Which they are obtained
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and partly on the process of refining to which they have-

been subjected.

They differ very much in their lubricating properties-

Some makes are very sohd at low temperatures, but whert

heated become very thin and have Uttle lubricating property

;

and this wax, although solid at ordinary temperatures,,

becomes very thin at high temperatures and it has nO'

lubricating properties whatever; hence all cylinder oils

should be' free from this body.

These oils have a low specific gravity, 0'896 to 0'905 ;

flash at from 500° to 540° F.

2nd, pale cylinder oils. These are prepared by distillation

from the residuum ; they are always of a brownish yellow

colour, fluid. Although used for the purpose, yet they have

not sufficient body to make them efficient lubricants for

cylinders. These pale oils usually range about '925 to '930

in specific gravity and flash at about 430° F. Cylinder oils,

are also sold under various fancy names, such as vasehne,

vaseline tallow, valvoleum, etc. These are generally mixed

oils either of different qualities of hydrocarbon oils or of

hydrocarbon with fat oils ; some are good, others bad, many
rather indifferent lubricants.

Cylinder oils ought to have the following properties : A.

high flash point. This should never be less than 475° F.,

although some authorities advocate 500° F., but the writer is

no advocate of unreasonably high flash points, as he thinks

they can only be obtained at the expense of losing some other

valuable property of the oil. Cylinder oils ought to lose little

or nothing when kept at a temperature of 212° F. for twenty-

four hours. An oil which loses under such circumstances

more than say 0'5 per cent, ought to be rejected. Their

viscosity should be as high as possible, consistent with

ability to flow, while they should lose as little as possible on

heating to 212° F. They should have the property of



ENGINE CYLINDER LUBRICATION. 301

adhesiveness to hot metal surfaces, so that they will flow

freely over all the interior working surfaces of the cylinder

and valve chamber and lubricate them properly. There is

a great difference in oil in this respect. The natural

cylinder oils obtained by treatment with superheated steam

and filtration are superior to the distilled cylinder oils in

many respects, chiefly because they do not lose their

viscosity so readily on heating. Cylinder oils made by

mixing fat oils and hydrocarbon oils together should never

be used, for admixture with mineral oils does not prevent the

decomposition of the fat oil into its baneful constituent, and

the dealer who largely trades in such mixed oils generally

uses a poor quality of hydrocarbon oil, hoping to conceal

its inferiority by using a large proportion of neatsfoot oil or

tallow. The writer has had samples of such oils submitted

to him for testing which he would have been sorry to use on

a shaft, let alone in the cylinder of a steam engine.

Gas engine cylinders and hot air engine cylinders can be

lubricated much on the same lines and with the same oils as

a steam engine cyhnder, the conditions of both being nearly

identical, a new condition of a hotter and drier temperature

being present. Within the gas engme the presence of flame

in the cylinder has already been mentioned. This action

leads to more or less charring. This is greater with fat oils

than with mineral oils owing to the non-volatile character of

the former, while the latter volatilise before they char. The

oil par excellence for lubricating gas engine cylinders is a

pure hydrocarbon oil having a high vaporising point about

260° F., a flash point of 430° P., and a fire test of 560° F.
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APPENDIX B.

COMPARISON OP DIFFERENT THERMOMETRIC SCALES.
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COMPARISON OF DIPPBEBNT THEBMOMETBIC SCALES
(Contirmed).

Cent.
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A.

Acetic acid test for oils, 244.

Acetylenes, 12.

Acid tar, 54.

Acids, fatty, 118.

— molecular weight of fatty,

250.

Adulteration of oils, 211.

Alkali tests for oils, 211, 218.

AUenes, 13.

Almond oil, 155.

Alsace petroleum, 91.

Aluminium oleate, 112.

— stearate, 113.

American petroleum, 77.

— — geology of,

81.

American petroleum, refining, 94.

Ammonia sulphate, 36, 37, 41, 45.

— water, 35, 48.

Analysis and testing of grease,

277.

Analysis and testing of oils, 211.

Animal oils, 115, 127.
— — occurrence of, 127.
— — extraction of, 128.

.— — rendering, 129.

Anthracene, 13, 273.

Anthracene grease, 273.
— oil, 273.

Arachidic acid, 198.

Arachis oil, 155, 198. .

Archbutt's evaporation test, 243.

— elaidin test, 249.

Arctic speim oil, 200.

Argentine petroleum, 90.

Astatki, 110.

Axle grease, 275, 276.

B.

Baku petroleum, 83, 91.

Barbadoes tar, 90.

Barracks shale, 25.

Ben oil, 155.

Benzenes, 13.

Benzine, 104.

Benzoline, 104,

Bleaching oils, 162.

— — by hot air, 162.

— — by bichromate,
164.

Bleaching oils by chlorine, 164.

— — by sun, 165.

Blowing oils, apparatus for, 206.

Blown oils, 205.

Blue oil, 66.

Body of oils, 226.

Boiling point of liquids, 7.

Bone tallow extraction, 137, 175.

Broxbourn shale, 2b.

Bromine tests for oils, 24^, 248.
— equivalents of oils, 247,

248.

Brown rape oil, 196.

Burning oils, Scotch, 61.

— — American, 89.

Burning point of oils, 239.

Californian petroleum, 89, 90.

Canadian petroleum, 90.

Castor oil, 155-189.
— — composition, 190.

— — constants, 191.

— — extraction, 189.

— — properties,"190.
— — seeds, 154.

Chemical .composition of fats and
oils, 116.

Chrysene, 13.

Cinnamene, 13.

Coconut oil, 155, 186.

— — composition, 187.

— — constants, 189.

— — properties, 187.

(307)



308 LUBRICATING OILS.

Coconut oil sources, 186.

— — uses, 188.

Colliery grease, 277.

Colza oil, 155, 196.

Couper-Rae shale retort, 42.

Cotton seed oil, 155.
— — — thickening, 206.

Crude shale oil, 26, 27, 30, 33, 35,

40, 44, 45, 49, 52.

Crude shale oil, composition, 49.

— — — treatment, 50.

Cylinder oils,.106, 110, 295, 300.

Cymogen, 103.

Cumulative resolution, 8.

Deblooming mineral oils, 113.

Decorticating oil seeds, 153.

Destructive distillation, 7, 9.— — products
of, 9, 11.

Diallyl, 13.

Dietz apparatus, 167.

Diphenyl, 13.

Dipropargyl, 13.

Distillation, 5.

— of Scotch shale, 46.

— destructive, 7.— simple, 7.

Dunnet's shale, 25.

Elaidin test for oils, 249.

Evaporation test for oils, 243.

Fat and mineral oils, separation
of, 219.

Fats, 1, 115.
— as cylinder oils, 298.

— characteristic features of, 1.

— rendering animal, 128.

Fatty acids, 118.

— — acetic series, 119.
— — linoleic series, 122.

— — linolenic series, 122.

— — insoluble, 120.

— — oleic series, 121.

Patty acids, ricinoleic series, 122.

_ — soluble, 120.

Fells shale, 25.

Fire test of oils, 239.

JFlash point apparatus, Gray's, 242.

— — o'f oils, 237.

— — — close test, 240.

.— — — open test, 238.

Free acid in oil, 225.

Friction, 287.

Friction a&d' lubrication, 281.

— in machinery, 286.

G.

Galician petroleum, 83, 91.

Gas engine oils, 299, 301.

Gasoline, 104, 110.

Gingelly oil, 155.

Glycerides, 117.

Glycerine, 117, 118, 123.

— properties of, 123, 125.

— proportions in oils,

126.

Glycerine, specific gravities of

solutions, 124.

Glyceryl, 117.

Glycols, 19.

Gravity of oils, testing, 212.

— — table, 218.

Gray's flash point apparatus, 242.

Greases, lubricating, 267.

Grease, analvsis of, 277.
— axle," 275, 276.
— colliery, 277.
— hot-neck, 275, 277.— loco, 275.
— mica, 277.
— plumbago, 277.
— tram, 274, 276.
— vi'heel, 274.

Green naphtha, 59.

— oil, 59, 63.

— — refining, 63.

Grey shale, 25.

Ground nut oil, 155, 198.

— — — composition of,

198.

Ground nut oil, constants of,

199.

Ground nut oil, properties of, 198.
— — — sources of, 198.
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Hanover petroleum, 83, 91.

Hard scale, 66.

Hehner's bromine test, 248.

Henderson shale retort, 32, 44.— — — products
from, 35, 45.

Hot-neck grease, 275, 2T7.

Houston coal, 25.

Hydrocarbon oils, 3, 5.— and fat oils, separa-

tion of, 219.

Hydrocarbon oils, bodying up,

112.

Hydrocarbon, deblooming, 113.

Hydrocarbons, 11.

— families of, 12.

— methane series, 14.

— naphthene series,

1.

Hydrocarbons, olefin, 18.

—
, parafHn, 14.

Hydrometer test for oils, 213.

Hubl's iodine test, 245.

Huiles tournants, 194.

Hurst's viscometer, 231.

Ingram & Stapfer. oil testing
machine, 252.,

Iodine equivalents of oils, 247.
— test for oils, 245.

Kerosine, 99, 110.

Koettstorfer test for oils, 220.

L.

Lard oil, 180.

Laurel oil, 155.

Linseed oil, 155.

Loco grease, 275.

Lubricating greases, 267.— oils, properties
Scotch, 67.

Lubricating oils, properties
American, 103.

Lubricating oils, properties of

Russian, 111.

Lubricants, 281.

— properties of, 281.
—

. selection of, 288-290.

Lubrication, 281.
— and friction, 281.

— and atmospheric
agents, 283.

Lubrication under ordinary. con-
ditions, 283.

Lubrication at high temperatures,
295.

Lubrication and speed of ma-
chines, 288.

Lubrication and pressure, 289.

— and temperature, 289.

— of engine cylinders,

295.

M.

Maize oil, 155.

Marrow tallow, 175.

Maumene test for oils, 223.

M'Naugbt-s oil test machine, 265.

Mechanical tests for oils, 252.

Melting of solids, 7.

Melting point of fats, 250.

Methylated spirit, purifying, 221.

Mica grease, 277.

Mills' bromine test,- 247.

Mineral and fat oils, separation
of, 219.

Mineral oils, bodying up, 112.

— — deblooming, 113.

Molecular weight of fatty acids,

250.

Monitor, 101.

Mungle shale, 25.

Mustard oil, 155.

N.

Napier's oil testing machine, 265.

Naphtha, 59, 60.

— green, 59.

I

— petroleum, 89, 99, 110.

of ! — refining, 60.

j
Naphthalene, 13.

of
I

Naphthenes, 12, 20, 88.— constitution of, 21.
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Naphthenes, properties of, 22.

table of, 88.

Natural lubricating oils, 105.

Neatsfoot oil, 175, 180.

Neutral petroleum oils, 107.

Niger seed oil, 199.

Nut oil, 155.

Oil, almond, 155.

— arachis, 155, 198.

— ben, 155.
— blown, 205.

— castor, 155.

— coconut, 155, 186.

— colza, 155, 196.
— cotton seed, 155.

— gingelly, 155.

— ground nut, 155, 198.

— lard, 180.

— laurel, 155.
— linseed, 155.
— maize, 155.
— mustard, 155.

— .neatsfoot, 180.

— niger, 155, 199.

— nut, 155.
— olive, 155, 192.

— palm, 155, 181, 268.
— palm nut, 155, 184.
— poppy seed, 155.
— rape, 155, 196.
— seal, 205.

— sesame, 155.

— sperm, 200.
— sunflower, 155.
— tallow, 179.
— thickened, 205.
— walnut, 2P2.— whale, 155, .

Oil crushing mills, 141, 148.
— foots, 161, 268.
— grinding mills, 143.
— presses, stamper press, 146.
— — -hydraulic press, 147.
— — screw press, 150.
— separator, 101.
— solvents, 166.

— stills, 52, 56, 59, 60.

— testing machines, 252.
— — — Ingram &

Stapfer's, 252.

Oil testing machine, M'Naught's,
265.

Oil testing machine, Napier's, 265.

_ _ — Shaw's, 265.

— _ — Thomas',261.
— — — Thurston's,

255.

Oil clarifying by filtering, 156.

— refining by caustic soda, 159.

— — — fuller's earth, 156.

— — — sulphuric acid, 157.

— seed kettleis, 144, 149.

— — moulding mills, 149.
— seeds, decorticating, 153.

Oils, 1.

— absorption of oxygen by,
284.

Oils, bleaching of, 162.

— — by bichromate,
164.

Oils, bleaching of, by hot air,

162.

Oils, bleaching of, by sun, 161.

— — by chlorine, 164.

— characteristic features of, 1.

— essential, 4.— extracting by solvents, 165.

— fatty, 2.

— hydrocarbon, 3, 5.

— pressing vegetable, 140.

— — — Anglo-
American system, 147.

Oils, pressing vegetable, English
system, 147.

Oils, stainless, 293.

— uses of, 4.

— vegetable, 155.

— and spontaneous combus-
tion, 284.

Oleatc of alumina, 112.

Olefins, 12, 17.

— properties of, 18.

Olefin series of hydrocarbons, 18.

Olive oil, 192.

— -- constants, 195.
— — elaidin test for, 249.
— — extraction, 192.
— — huiles toumants, 194.
— — properties- of, 194.
— — separator, 193,

— — sources of, 192.
— — "sulphur," 193.

Once-run oil, 53.

— — — refining, 56.
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P.

Palm nut oil, 184, 185.
— — — composition, 185.
— — — constants, 186.
— — — properties, 185.

Palm oil, 155, 181, 268.
— — composition, 183.
— — constants, 184.
— — extraction, 182.
— — grease making, 268.
— ^ properties, 183.
— — sources, 181.

Paraft'enes, 12.

Paraffin petroleum oils, 105.

Paraffins, 12.

— series of, 14.— properties of, 15.

— general composition of,

15.

Paraffin scale, 66, 69.

— wax, analysis of, 70, 73.

— — refining, 64, 69.

— — tank, 65.

Pennsylvania petroleum, 90, 91.

Peters' viscometer, 233.

Petroleum, 76.

— American, refining of,

93.

Petroleum, American, 81.

— Baku, 83.

— Burmah, 83.

— Canadian, 83.

— composition of, 85.

— Egypt, 83.

— extraction of, 91.

— Galicia, 83.

— geology of, 77.

— Hanover, 83.

— history of, 76.

— Indian, 83.

— origin of, 84.

— Eussian, 88, 108.
— Roumanian, 83.

Petroleum jelly, 107.

— kerosine, 99, 110.

— lubricating oils, 105,

107, 108, 110, 111.

Petroleum naphtha, 99, 110.

— products, 89, 99, 102,

103, 110.

Petroleum refining, 93.

— residuum, 99.

— shales, 81.

Petroleum stills, 95.

— vrells, 92, 93.

R.

Raeburn shale, 24.

Rangoon oil, 89.

Rape oil, 165, 196.

— — blowing, 206.

— — constants, 197.
— — propertios, 196.

— — refining, 196.
— — sources, 196.
— — thickened, 208.
— — uses, 197.

Redwood's viscometer, 229.

Refining oils, 155.
— — by caustic soda,
159.

Refining oils by filtering, 156.
— — by fuller's earth,
156.

Refining oils by sulphuric acid,

157.

Reichert test, 251.

Rendering animal fats, 128.

Residuum, 99.
— treatment of, 104.

Rhigolene, 103.

Retorting of shale, 26.

Rosin, 268.
— distillation of, 268.
— oil, 268.
— — hard, 269, 271.
— — medium, 269, 271.— — soft, 269, 271.
— — greases, 270.
— grease, 276.
— spirit, 269.

Russian petroleum, 88, 108.

— — refining, 108.
— — products, 110.

S.

Sacher's viscometer, 228.

Scotch shale oil industry statis-

tics, 76.

Scotch shale oils, 24.

— — — crude, 30, 49.

— — — distilling, 26.

— — — — dia-
gram of, 27.
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Scotch shale oils, history of, 28,— — — refining, 50, 58.— — — — diagram
of, 51.

Scotch shale oils, properties of,

67.

Scotch shale oils, stills, 52.

— shales, 24.

— — products of distil-

ling, 32, 35, 74.

Shale, analysis of, 75.

— ash analysis of, 75.

— distillation, 45.

— — products, 46,

75.

Shale distilling, 26, 45.

— • gases, 35,-36, 44, 48, 75;

— greases, 59.

— naphtha, 60.

— oil products, 74, 75.

— retorts, 30.

— — vertical, 30.

— — Henderson, 33, 44.

— — Young, 32.

— — Young & Beilby,

38.

Shale retorts, Couper-Rae, 42.

— — Stanrigg, 42.

Shaw's oil testing machine, 265.

Soda tar, 55.

Solidified oil, 276.

Soluble fat acids, Reichert test

for, 251.

Soxhlett fat extraction, 279.

Speed and lubrication of machin-
ery, 288.

Spent shale, 26.

Spontaneous combustion and oils,

284.

Stainless oils, 293.

Stains in cloth, 292.

Stanrigg shale retort, 42.

Stilbene, 13.

Sulphuric acid colour test for oils,

222.

Sulphuric acid temperature for
oils, 223.

Tallow, 173, 268.

adulterations of, 78.

— chemical composition of,

176.

Tallow, bone, 175.
— constants, 179.

— extracting, 128.

— marrow, 175.

— oil, 179.
— properties of, 176.
— rendering, 128.

— sources of, 175.

— tripe, 174.
— uses, 178.

Temperature and lubrication, 289.
— of steam, 296.

Terpenes, 13.

Testing oils, 211.

Tests, acid, 212, 222.

— alkali, 211, 218.
— evaporation, 212, 243.
— flashing point, 217, 237.

— free acid, 212, 225.
— iodine, 212, 245.

— oil, 211.— specific gravitv, 211, 213.

— viscosity, 212, 226.

Thickened cotton seed oil, 209.

— oils, properties of, 208.
— rape oil, 208.

Thickening oils, 205.

Thomas oil testing machine, 261.

Thurston oil testing machine,
255.

Tram grease, 274, 276.

Twice-run light oil, 59, 61.

— — — — refining, 61.

V.

Valenta's acetic acid test, 244.

Valylene, 13.

Vaporising temperature of oils,

237.

Vaseline, 107.

Vegetable oils, 115, 127.

— — extraction of, 140.
— occurrence of, 127.

Vertical shale retorts, 30. • -
— — — products
from, 30.

Viscometer, Cottrell's, 234.
— friction, 234.
— Hurst's, 231.
— Napier's, 234.
— Peters', 233.

— pipette, 227.
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Viscometer, Redwood's, 229.— Sacher's, 228.

Viscosities of oils, table of,

297.

Viscosity of oils, 226, 236, 297,— — testing, 226.

W.

Washing oils, 55.

Wax, refining paraffin, 64,

Westphal balance, 214.

Whale oil, 202.
— — constants, 204.
— — extraction, 203.— — properties, 203.
— — sources, 202.

236,

Whale oil uses, 204.

Wheel grease, 274.

Yorkshire grease, 271.
— composition, 273.

— — preparation, 272.

— — properties, 272.

Young shale retorts, 32.

— — — products
from, 33.

Young & Beilby gas producer, 39.

Young & Beilby shale retorts, 38.

— — — — pro-

ducts from, 40.
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LARDINE. THICKENED RAPE.

J. L. WADE & Co., Limited,
May be consulted on ail Matters bearing: Directly or indirectly upon the

Manufacture of any of tlie Undernoted Articles :—

Debloomed Rosin and Mineral Oiis (difFerent

processes).
Cylinder Oils (increasing their lubricating pro-

perties, and preventing all grating or grinding).

Beltlngr Syrups (any colour or consistency).

Patent Stiffening- for Jute and other Fabrics.
Bleached Tallow, Fats, Horse Crease, etc.

Bleached Oils.

Castor Oil Substitute.
Soluble Oil.

Lubricatingr Greases.
Greases of all kinds.
Boiler-Scale-Removing Compounds, all kinds

—

Liauid, Solid, and Semi-Solid.
Eucalyptus, etc.
Disinfectants of all kinds—Fluids, Powders, etc.

Boiled Linseed Oil Substitute.
Turpentine Substitute.
Rust Preventing Cream.
Thickened Rape and Allied Oils.

Lardine.
Patent Sperm and Caster Compounds.
Batching Oils (Wood, Jute, etc.).

Solidified Oils, every kind.
Washing, and Soaps of all kinds.
Rosin Jelly for mixing purposes.
Varnish Paints, Leads, various.
Compo. for Ships' Bottoms, various.
Boiler Non-Conducting Covering Compo., various

kinds.
Lubricating Grease for Stauffers and other

Lubricators.

LARDINE AND RAPE OIL may now, by a simple process, be thickened at a
few shillings per ton, their gravity being at the same time raised from 915/920 to

960/989.

ANIMAL OILS (Horse Grease Oil, Tallow Oil, Lard Oil, Bottlenose and other

Fish Oils, etc. J. These Oils, treated by improved process, are rendered perfectly

bright, and if desired, their specific gravity is also raised. This process is also a
valuable one for the treatment of Rancid Oils, the disagreeable odour arising from
rancidity being entirely removed, while the Oils subjected to this treatment are also

perfectly bright, and their specific gravity being greatly increased, they form most
powerful lubricants, and are, in addition, mixable in any proportion with Mineral
and other Oils.

THE CYLINDER OILS manufactured by them entirely overcome all grating

or grinding ; and pitting of the piston rod and cylinder is efiectually prevented by
their use.

THE BLEACHING OF ANIMAL OILS is also a subject to which they have
devoted much attention. The market value of many of these can, by a simple and
economical process, be very materially enhanced—Herring Oil, for example, may,
like many others, be bleached and deodorised, and thus can be utilised for a variety

of purposes for which its disagreeable odour and dark colour render it altogether
unsuitable.

THE LINSEED OIL SUBSTITUTE named in above list is manufactured
at an exceedingly low figure. It is a most economical substitute for eitheir Boiled
or Raw Linseed Oil, the saving effected by its use among those who employ any
quantity of these for paint-making being simply enormous. The drying properties

of this Oil are guaranteed.

y. L. WADE & CO., Limited,
Analytical and Manufacturing Chemists,

Contractors to Her Majesty's Goveinment, The War OfBce, Admiralty, Postal Telegraph,
India Store Departments, etc.; also to the London County for their Pumping Stations,

Gas Testing Depots, etc.

WORKS : MANOR HOUSE WHARF WORKS, NINE ELMS LANE,
LONDON, S.W.

Telegraphic Address: " CAI^CARMOVS, I^ONDON".










